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Double-Wall by Bell — symbolized 


BELL COOLS THE HEAT OF HOMECOMING 


Atmospheric friction which will slow tomorrow’s returning 
space vehicles to safe landing speeds can make cinders of 
both space ship and occupants. 


Bell Aerosystems has worked since the days of the X-1 
supersonic research plane to beat this heat. We call our 
system Double-Wall. We’ve tested it — and we know 
it works. 


Doubie-Wall is made up of a heat-sustaining outer wall, 
a sublayer of thermal insulation and a cooled inner wall. 
The fundamental principle behind this arrangement is the 
separation of the heat-sustaining and load-carrying func- 
tions of the airframe. 

The outer wall is made up of small heat-resistant panels 
designed to withstand severe heating. It carries no struc- 
tural loads, but serves as an effective heat shield by radi- 
ating most of the re-entry heat back to the atmosphere. 


The layer of protective insulation is used beneath these 


panels to resist the flow of heat to the inner wall. The 
small amount of heat that does penetrate this insulation 
is absorbed and dissipated by an effective cooling system. 
Therefore, though outer wall temperatures may soar 
above 2000°F, the inner wall temperature will not rise 
above 200° F. 


Significantly, the load-carrying structure is kept cool and 
strong, independent of external heating, and conventional 
aluminum construction can be utilized. As an added bonus, 
the Bell Double-Wall’s unique arrangement of thermal 
barriers automatically provides a moderate environment 
for both crew and equipment. 


Double-Wall is only one of the many contributions Bell 
Aerosystems Company is making to the scientific progress 
and defensive strength of the free world. We invite quali- 
fied engineers and scientists to inquire about sharing our 
challenging and rewarding future. 


BELL AEROSYSTEMS COMPANY 
BUFFALO 5, N.Y. 

DIVISION OF BELL AEROSPACE CORPORATION 
A TEXTRON COMPANY 
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Ryan offers challenging opportunities to engineers. 


NO STARS? No matter —the advanced RYAN 
AN/APN-130 Doppler Navigation set for heli- 
copters provides accurate data at altitudes up to 
10,000 feet, even under zero visibility conditions. 


By automatically and continuously detecting 

and displaying drift, vertical and heading speeds, 
the APN-130 permits precise hovering, accurate 
navigation and automatic flight control over land 
or seas (even smoother than Beaufort 1). 

Now in full production, the APN-130 is in use 
with the Navy’s most modern helicopters—the 
Sikorsky HSS-2 and Kaman HU2K-1. Applications 
for the APN-130 include anti-submarine warfare, 
rescue, navigation, blind landings, automatic 
hovering, aerial service, drone helicopter control, 
reconnaissance and traffic control. 

World leader in C-W Doppler navigation, Ryan 
Electronics is also helping to achieve vital break- 
throughs in many fields of Space Age technology. 


RYAN 


ELECTRONICS 


A DIVISION OF RYAN AERONAUTICAL COMPANY * SAN DIEGO. CALIFORNIA 
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A cross-section of disciplines directed toward Space Technology Leadership 

The technical staff at Space Technology Laboratories is the free world’s most experienced group devoted exclusively to advances in 
the civilian and military applications of space technology. ¢ Among STL’s strengths is a versatile capability created by a cross- 
section of the scientific and engineering disciplines. This enables the technical staff to anticipate and solve new problems in every 
area of space technology from fundamental research to complex hardware design and fabrication. @ Today, STL’s growth and 
diversification are opening up exceptional opportunities for outstanding scientists and engineers. Their talents and training will 
bring strength to, and gain strength from, an organization devoted to a single purpose: constant advancement of the state-of-the-art 
in the exploration and understanding of space. @ STL invites the outstanding scientist and engineer to investigate the dynamics of 
2 career in this atmosphere of Space Technology Leadership. Resumes and inquiries will receive meticulous attention. 


SPACE TECHNOLOGY LABORATORIES, INC. p.o. 80x 95005 Los ANGELES 45, CALIFORNIA 


a subsidiary of Thompson Ramo Wooldridge Inc. 


El Segundo * Santa Maria * Edwards Rocket Base * Canoga Park > / Cape Canaveral * Manchester, England ¢ Singapore * Hawaii 
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COVER: The beauty of this cluster of 
sapphire whiskers will be matched by 
an unparalled strength of high-tempera- 
ture composite materials, representing 
a breakthrough in reinforced structures 
for space vehicles, if current investiga- 
tions by GE’s Space Sciences Labora- 
tory for the Navy’s Bureau of Weapons 
are successful. The whiskers exhibit a 
strength greater than 1,000,000 psi at 
ASTRO and 150, 000 at 3570 

O cover plaques EE X< 13 
available from ARS Headquarters at 
$2.00 each.) 
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REDSTONE » Working as part of Army’s Ordnance developing prototype engines, and at firing bays continuous 
team, Thiokol’s Redstone Division con- since 1949—have resulted in many significant breakthroughs 
ducts research into prope lant formulation and solid propellant ... providing a steady increase in size, thrust and perform- 


motor development. Eaperiences—gained in the labs, through ance of solid rocket motors. 


In close cooperation with the Army and prime con- 
tractors ... Thiokol designs, develops and produces 
propulsion systems in wide variety to meet the most 
stringent military requirements. The associations are 
distinguished by a series of major breakthroughs in 
propulsion engineering—beginning with small rocket 
motors for tactical field use and carrying through to 
massive powerplants for anti-missile and satellite ap- 
plication. All have checked out in static firings and 
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Prime Contractor: 
The Martin Company 
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research through production 


at 


LONGHORN 


Motors for the Lacrosse and for the tion at Longhorn. Incorporating most advanced methods of 

developmental Sergeant and Pershing manufacture and quality control, Longhorn’s total productive 
missiles, and for other major systems—all boasting remark- capability has yet to be challenged. Other Thiokol Divisions 
ably high reliability scores—move into smooth mass produc- provide additional scientific and production capabilities. 


flight tests with virtually 100% reliability. All have contributed mightily to advancing the total 
state of the art. Additional capabilities for Army’s advanced thinking are provided by other 
Thiokol Divisions. Utah, for large engine production RMD, for sophisticated liquid systems 
—and Elkton, for diversified special motors. 
Through fluid programming of assignments, and 
strategic enlargement of facilities for research, devel- TH IO KC) iL. 
opment and production, Thiokol maintains a live 
capability to meet any current and future propulsion 

+): THIOKOL CHEMICAL CORPORATION, Bristol, Pennsylvania 
challenge — military or space. Rocket Operations Center: Ogden, Utah 
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Astro notes 


MAN IN SPACE 


e The Russians orbited and _ suc- 
cessfully recovered. Spacecraft IV 
after an estimated three trips 
around the earth. The feat put 
U.S. space planners on notice that 
Russia will possibly orbit an astro- 
naut before the U.S. does, and per- 
haps even before a manned sub- 
orbital Redstone flight. Soviet sci- 
entists have chalked up a 2 out of 
4 record with their 10,000-Ib cap- 
sule. Flights in May and Decem- 
ber 1960 failed on the re-entry 
phase of the maneuver; flights in 
August 1960 and last month were 
successful in returning animal pass- 
engers. 


e The first American astronaut will 
be hurled to the edge of space in 
April, according to information 
reaching Astronautics at press time. 
He is to be preceded by one last 
“insurance” shot of the Redstone 
booster at the insistence of Wern- 
her von Braun, director of the Mar- 
shall Space Flight Center. In- 
tended only to make sure all the 
bugs troubling the “improved” Red- 
stone boosters have been elimi- 
nated, this MR flight will carry only 
a dummy capsule with no life- 
support or recovery systems. Con- 
vinced their capsule has proved it- 
self in all important respects, NASA 
Space Task Group officials are 
pressing for the earliest possible 
manned flight following the pro- 
posed Redstone insurance shot. 


e Project Mercury’s biggest shot-in- 
the-arm came with the flawless per- 
formance of the capsule in its maxi- 
mum-abort test in February aboard 
a beefed-up Atlas booster. (This 
vehicle featured a heavily rein- 
forced nose section to overcome 
structural weaknesses believed re- 
sponsible for the MA-1 failure last 
July.) In the Atlas test, the cap- 
sule was propelled to an altitude of 
107 mi, a top speed of 12,850 mph, 
and a range of 1425 statute miles. 
It was subjected to a re-entry de- 
celeration of 16.5 G and a higher 
heat pulse than would be experi- 
enced in a normal re-entry from 
orbit. Nevertheless, the interior 
temperature held at 90 F. 


e As a result of the successful Atlas 
flight, STG announced that MA-3 
would be an orbital-abort shot with 
a trans-Atlantic range. In this tra- 
jectory, the Atlas will insert the 
capsule into orbit, but the capsule 
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will immediately separate and fire 
its retrorockets and re-enter. It 
will not carry a chimpanzee, but 
a “crewman simulator’ may be in- 
cluded as a mechanical test of the 
ability of the life-support system to 
supply oxygen and carry away car- 
bon dioxide and moisture at the rate 
required by an astronaut. This 
flight could come in April, depend- 
ing on delivery of the thick-skinned 
Atlas booster earmarked for the 
flight. 


e Astronauts John Glenn, Virgil 
Grissom, and Alan Shepard were 
selected by STG Director Robert 
Gilruth to undergo special train- 
ing at Cape Canaveral for the first 
Mercury-Redstone manned __ shot. 
Selection was based on medical, 
training, and other technical in- 
formation accumulated during the 
22-month training program, Gilruth 
said. He pointed out that all seven 
astronauts will remain eligible for 
later ballistic and orbital flights. 


e STG has worked out a detailed 
flight syllabus to be performed by 
the astronauts manning the first two 
capsules, This includes attitude- 
control maneuvers with the most 
difficult manual-control mode (me- 
chanical linkage), using position 
data provided first by capsule in- 
struments and later by exclusive 
reference to the periscope display 
for roll, pitch, and yaw data. The 
astronaut will switch to the retro 
attitude and fire his retrorockets, 
and finally he will seek to “pilot” 
the capsule’s attitude during the 
actual re-entry maneuver. 


e The big hope of STG is that the 
astronauts will perform as well in 
the capsules during zero-G as they 
have in the various ground simula- 
tors. If this should be the case, 
it would mean that the existing 
Project Mercury training program is 
largely adequate to prepare men 
for space flight, and that prelimi- 
nary suborbital flights are not neces- 
sary for the longer orbital flights 
planned aboard Atlas. On the 
other hand, the astronauts’ space 
performance may fall markedly be- 
low their performance on similar 
“base line” runs with the Johns- 
ville centrifuge and other devices, 
indicating that the ground training 


. program falls short of simulating 


the real thing. 


e “The jury is still very much out 
on this question,” commented a 


psychologist with the Space Task 
Group. “You can see the question 
is extremely significant because of 
its cost implications. If we must 
schedule suborbital missions as a 
regular part of the training pro- 
gram, our manned space activities 
are going to be very much different 
from a situation in which we can 
orbit men without that particular 
preparation.” 


e The X-15 set another speed mark 
—2905 mph with USAF Maj. Bob 
White at the controls. It was the 
first flight of the X-15 with the 
57,000-Ib-thrust |Thiokol-Reaction 
Motors rocket engine. The plane 
was flown at half-throttle during the 
speed run, the Air Force reported. 


e An all-out speed run of 4000 mph 
and an altitude attempt of 50 mi 
are expected this summer; but they 
may not set new records for manned 
flight, as a manned Mercury-Red- 
stone flight will come sooner, and it 
should propel an astronaut to 115- 
mi altitude and about 4400 mph 
at motor burnout. 


@ On March 9, the Russians orbited 
the fourth in their series of 5-ton 
Sputniks since last May 14, and 
returned it to earth safely “on com- 
mand in a preset area of the Soviet 
Union” after 17 revolutions around 
the globe. The spacecraft carried 
one dog and did not eject a capsule, 
as did the two-dog vehicle of last 
August, but re-entered as a com- 
plete unit. This suggests that the 
Russians may have tested the com- 
plete life-support system for a man 
for the first time. 


e News reports from Moscow in- 
dicated that there was some debate 
in Russian governmental and tech- 
nical circles over the readiness of a 
Soviet vehicle to attempt a manned 
orbital flight. But as George Low 
of NASA commented, it looks as 
if they are “about ready to put up 
a man.” 


SPACE PROPULSION 


e Interest continues to grow in the 
field of solid-rocket boosters for 
major space vehicles. A Thiokol 
proposal made to NASA early last 
month called for construction of a 
solid booster capable of lifting the 
whole Saturn C-2 vehicle to 5000 
fps. A Thiokol spokesman offered 
that the booster, weighing 4-5 mil- 
lion Ib, might be developed within- 
24 months for about $20 million, on 
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Notable Achievements 


at JEL. 


TOTAL DISTANC 
455,682 MILES 


CAREER OPPORTUNITIES AT JPL 
IN THESE FIELDS — NOW 


Electronic Engineers 


... for component and system design of deep 
space communications, instrumentation, and auto- 
matic control equipments. 

. .. for microwave and RF solid state circuit design 
and flight evaluation. 

... for project management assignment on ad- 
vanced development and contracted effort in space 
communications. 


Physicists 
... for analysis in communications theory, orbital 
mechanics, guidance and control, and systems 
performance. 
... for analysis of digital communication and con- 
trol systems; real-time digital computer and 
closed-loop systems. 
... for research and development of servo and 
control mechanisms for large ground based and 
spacecraft antenna systems. 


Other opportunities exist for electronic engineers 
and physicists in many areas at JPL which has 
been assigned the responsibility for the nation’s 
Lunar, Planetary and Interplanetary unmanned 
exploration programs. 


MOON BOUNCE...a collaborative project of the 
National Aeronautics and Space Administration, 
the Jet Propulsion Laboratory, and the Australian 
Ministry of Supply to link two continents by radio 
signals bounced off the Moon 


On February 10, 1961, California and Australia 
were linked in the first international space com- 
munication experiment that bounced voice mes- 
sages between the two points via the Moon. The 
words were beamed at the Moon from the Jet 
Propulsion Laboratory transmitter at Goldstone, 
California to the receiver at Woomera, Australia. 


Principals in the conversation were Dr. Hugh L. 
Dryden, NASA Deputy Director, whose voice was 
relayed from Washington by telephone; Dr. Lee 
DuBridge, President of California Institute of Tech- 
nology, who spoke directly from Goldstone; and Alan 
Hulme, Australian Minister of Supply at Woomera. 


The occasion tested the new Australian station, 
the second of three Deep Space Instrumentation 
stations developed and directed for the National 
Aeronautics and Space Administration by the Jet 
Propulsion Laboratory. 


CALIFORNIA INSTITUTE OF TECHNOLOGY 


JET PROPULSION LABORATORY 
PASADENA, CALIFORNIA 
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a fixed-price basis. If accepted, the 
proposal, being given consideration 
by NASA, could conceivably revo- 
lutionize the rocket business. 


e NASA’s Marshall SFC continues 
to press studies of possible space 
vehicles beyond the Saturn class 
having first-stage thrust of 6- to 12- 
million lb. Early last month, Mar- 
shall issued six-month contracts for 
comprehensive vehicle studies to 
Convair ($130,017), Lockheed’s 
Georgia Div. ($136,743), and 
North American Aviation ($160,- 
014). 


e These new Marshall SFC con- 
tracts cover optimum use of nuclear 
propulsion in large rockets, desir- 
ability of attempting to recover and 
re-use large space vehicles, attrac- 
tiveness of a large liquid hydrogen- 
liquid oxygen booster, solid and 
liquid propellants in first stages, 
conventional tandem staging versus 
parallel staging, pressure-fed versus 
pump-fed systems, etc. Concep- 
tual designs and comparative cost 
analyses will be made for each con- 
figuration under the contracts, and 
the most promising configurations 
will be selected for further study. 


Development proposals involv- 
ing some 26 companies are ex- 
pected in the joint NASA-AEC 
competition for a contractor to de- 
velop the Rover nuclear rocket en- 
gine. Deadline for the proposals 
is April 3. The program has been 
designated Nerva, meaning Nuclear 
Engine for Rocket Vehicle Appli- 
cation, and will have an aggregate 
cost of about $1 billion, according 
to a NASA estimate. 


e The contractor group chosen for 
Nerva will prepare an engine de- 
sign, a development program plan, 
and a program of assistance to the 
Los Alamos Scientific Laboratory of 
AEC in the conduct of the Kiwi-B 
reactor experiments. These are 
scheduled to begin late this year 
and will involve liquid hydrogen 
rather than gaseous hydrogen as 
the propellant, and liquid hydrogen 
instead of water as the coolant for 
the nozzle. 


e An Air Force Blue Scout II drove 
a 172-lb payload of telescopes and 
other instruments to an altitude of 
1580 mi at the Atlantic Missile 
Range. Using the same compo- 
nents as the NASA Scout, the USAF 
vehicle will eventually have a 
guided fourth stage. The USAF 
scheduled five more Blue Scout 
probes before a satellite attempt 
comes in September. By 1962, the 
Air Force expects to fire Blue 
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Scout probes and satellites at the 
rate of 35 a year. 


e NASA estimates its total cost for 
developing the _ first-generation 
Scout booster at $17 million. The 
amount includes 8 flight-test ve- 
hicles with a _ production and 
launching cost of $935,000 each. 
Commencing with Scout No. 11 


_(the third operational booster) , 


NASA will increase Scout pay- 
loads from 150 lb and 25-in. diam 
to 200 Ib and 30-in. diam. This 
will be accomplished by using 
Polaris and Minuteman solid pro- 
pellant in the Hercules third- and 
fourth-stage motors. 


Chance Vought won the NASA° 


contract to supply 42 propellant 
tanks for the Saturn booster pro- 
gram, with delivery to begin in 
April 1962. The $2 million award 
will provide 70-in. fuel and lox 
tanks for five Saturn systems, plus 
two spare tanks. Boeing, Chrysler, 
and Martin also placed bids. 


e NASA-Marshall announced that 
the second series of static firing on 
the Saturn booster had been con- 
cluded successfully in February, 
and that it had begun preparations 
for static testing the first Saturn 
flight booster this spring. For a 
look at the Saturn flight-testing con- 
figuration, see page 89. 


e Republic Aviation reported that 
it will expand its plasma-propul- 
sion program and build one of the 
largest electrical-propulsion test 
facilities in the country. The com- 
pany is now completing a proto- 
type of a  “production-model” 
plasma pinch engine, the third de- 
veloped by it since 1958. 


SATELLITES 


e NASA succeeded on its second 
try in placing a 12-ft air density 
satellite in orbit with the four- 
stage Scout solid-propellant rocket. 
The solar-powered transmitter in 
the 15-lb “polka dot” sphere broke 
down before the first orbit was 
completed. The transmitter in the 
final-stage motor case confirmed 
that the assembly had attained the 
desired orbit (1604 mi apogee, 404- 
statute-mile perigee, and period 
of 118.5 min), and the Lincoln 
Lab’s Millstone Hill radar con- 
firmed that the sphere had inflated. 
The tracking network of the Smith- 
sonian Astrophysical Observatory 
subsequently obtained photo- 
graphic and visual sightings of the 
errant sphere. 


e The Navy’s third Transit satel- 


lite (III-B) was launched into a 
lop-sided orbit with a 54-lb iono- 
spheric “hitch-hiker” designated 
Lofti, but the pair failed to sepa- 
rate from each other or the Agena- 
Star rocket. Because of the ellip- 
tical orbit (617-mi apogee and 104- 
mi perigee), it appeared that the 
Agena-Star engine failed to restart 
as planned, and that the balance of 
the sequence, including separation, 
could not be performed. The mis- 
hap shortened the life of the ex- 
periments and ruled out planned 
geodetic measurements, but the 
Navy reported that the Transit 
memory core was working well, 
and that Lofti was doing better 
than planned in its VLF studies of 
whistlers and man-made transmis- 
sions, because it traversed more of 
the ionosphere than planned on 
each pass. A circular 500-mi orbit 
has been planned. 


e Clark Randt, director of the 
NASA Office of Life Sciences, has 
proposed a Biomedical satellite pro- 
gram using a modified Mercury 
capsule for long-duration animal 
flights. Dr. Randt proposes a 
total of four flights ranging from 2 
to 14 days to explore the effects of 
prolonged weightlessness. One 
chimpanzee and two monkeys could 
be carried on a flight. One of the 
latter would be left unrestrained to 
determine the effects of a harness 
during zero-G, 


e The Air Force whipped Dis- 
coverers XX and XXI into orbit a 
day apart. The latter launch 
marked the first actual use of the 
restart capabilities of the Agena-B 
rocket stage, adding four minutes 
to the satellite’s orbital period. 
Discoverer XXI had no re-entry 
capsule since it was another infra- 
red experiment in support of the 
Midas early-warning satellite. The 
2450-lb Discoverer XX was to be 
called from orbit four days after 
launching, but this was prevented 
by a system malfunction. The re- 
covery failure may defer a plan to 
orbit a 7-lb simian in the Discoverer 
XXII capsule. 


COMMUNICATION SYSTEMS 


e The tempo of the _ industrial 
struggle for a role in the communi- 
cations-satellite field has picked up 
sharply. General Electric and 
Radio Corporation of America have 
formally announced their interest 
in active relay satellites, in opposi- 
tion to American Telephone & Tele- 
graph Co. And the Justice Depart- 
ment in a letter to attorneys repre- 
senting Lockheed Aircraft hinted 


Complete Missile & Space 
Vehicle Ordnance Systems 


Modular Exploding 
'Bridgewire Systems* 
by McCormick Selph Associates offer: 


STAGE 1. Greater System Reliability 
a 2. Simplified Cabling Problems 


3. Greater Design Flexibility 


Comparison of Exploding Bridgewire System Concepts 


CENTRAL XB 
POWER SUPPLY 


CABLING 


MISSILE 
DESTRUCT 


ORDNANCE 
COMPONENT . 


MODULAR XBS 
CONSISTING OF 
POWER SUPPLY 
CABLING 


ORDNANCE 
COMPONENT 


COMPLEX CENTRAL XB XBS MODULAR SYSTEM CONCEPT 
POWER SUPPLY SYSTEM BY McCORMICK SELPH ASSOCIATES 


*McCORMICK SELPH ASSOCIATES, INC. 
and the Industrial Products Division of ITT combine their 
ordnance and power capabilities to provide the best in 
EXPLODING BRIDGEWIRE SYSTEMS 
Direct Inquiries to Product Division, 


DEPT. A, HOLLISTER AIRPORT 


HOLLISTER, CALIFORNIA 
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that it may oppose control of the 
commercial communications-satel- 
lite field by a single company on 
anti-trust grounds. 


e GE proposed to the Federal 
Communications Commission a 
“common carrier's common carrier” 
as the solution to the problem of 
private operation of communica- 
tions satellites. It outlined a $280 
million system of 10 satellites in 
equatorial orbits at 6000-n. mi. alti- 
tude. Each of the equally spaced 
1000-Ib relays would have 600 two- 
way voice channels and a five-year 
lifetime. Such a system, including 
18 ground terminals, could be ready 
by 1970, GE said, and could be 
operated as an independent inter- 
national communications system 
serving and linking already existing 
carriers throughout the world. 


e In another brief submitted to 
FCC, the Radio Corporation of 
America proposed a system of three 
synchronous equatorial relay satel- 
lites. It said it is studying the idea 
with Lockheed Aircraft, General 
Telephone and Electronics Corp., 
and other firms, with the objective 
of establishing a satellite system “as 
a service to all carriers.” 


e AT&T in a brief of its own 
stoutly defended its proposal for 40 
active-relay satellites in 3000-mi 
orbits, and urged the promptest 
possible government action to avoid 
jeopardizing the U S. lead in com- 
munications satellites. 


e NASA postponed until March 20 
the deadline for proposals on its 
Project Relay active repeater satel- 
lite. The two-week extension was 
ordered because of a decision to 
add two new bands to its operation. 
These included 5924 to 6425 mc 
for ground-to-space and 3800 to 
4200 mc for space-to-ground. The 
frequencies initially specified to 
bidders were 400-500 mc for the 
ground-to-satellite link and 2200- 
2300 mc for the satellite-to-ground. 


e The civilian space agency was 
also moving forward with its pas- 
sive-satellite program. It awarded 
the G. T. Schjeldahl] Co. of North- 
field, Minn., a $400,000 contract 
to manufacture 135-ft three-layer 
Echo spheres capable of maintain- 
ing shape in space. Initial launch 
of the new satellites is scheduled 
next year aboard a Thor-Agena-B 
from Vanderberg AFB. In late 
1962 or early 1963, an Atlas-Agena- 
B will orbit three of the 135-ft 
spheres at 1700-mi altitude as the 
first installment of Project Rebound. 
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A year later, the Centaur vehicle 
will orbit six of the spheres. 


e Beckman Instruments Systems 
Div. received two contracts total- 
ing $1.808 million from Lockheed 
Missiles and Space Div. for its Pro- 
grammable Integrated Control 
Equipment to be used in Air Force 
satellite programs. 


e GE’s Missile and Space Vehicle 
Dept. completed an experimental 
version of its Syncholink telemetry 
system, which employs pulse code 
modulation with phase-shift keying. 
GE expects this system to exceed 
the performance of any deep-space 
communications link developed to 
date, including Pioneer V’s. 


® Westinghouse is developing 
three-dimensional radar equipment 
for the Air Force’s Hawkeye (Saint) 
inspection-satellite program. 


® Radiation Inc. received the 
NASA contract to furnish the PCM 
telemetry system for the Nimbus 
polar-orbit weather satellite. 


e Page Communications Engineers 
Inc. awarded Dynamics Corp. of 
America’s Radio Engineering Labo- 
ratories its first space contract—the 
building of a 10,000-w FM trans- 
mitting station that will be used to 
bounce messages between Floyd, 
N.Y., and Trinidad in the Air Force 
passive communications _ satellite 
program. 


DEFENSE DEPARTMENT 


e Army and Navy space aspirations 
were dashed by Defense Secretary 
Robert McNamara in a directive 
assigning the Air Force almost total 
responsibility for future space sys- 
tems. The Army and Navy will be 
allowed limited funds for prelimi- 
nary research to develop require- 
ments for new space systems; but 
once these proposals are approved, 
development, test, and evaluation 
will automatically be conducted by 
the Air Force except under “un- 
usual circumstances,” McNamara 
ruled. He said that assignment of 
operational responsibility will be 
made on a case-by-case basis, leav- 
ing the door open for possible Army 
and Navy participation; and he ex- 
empted the Army’s Advent com- 
munications satellite and the Navy’s 
Transit navigation satellite from the 
new directive. But it was clear 
that the Air Force had triumphed 
in its campaign to become the na- 
tion’s military space agency. 


e Military spending in fiscal 1962 
may climb $2.1 billion—to a total of 
$45 billion—as a result of increases 
proposed by Secretary McNamara’s 


study groups. In the strategic area, 
the panel headed by Pentagon 
Comptroller Charles J. Hitch 
recommended boosting from one- 
third to one-half the proportion of 
SAC bombers maintained on 15- 
min runway alert, and it called for 
a continuous airborne alert by 30 
B-52 bombers instead of the 12 
planned by the Eisenhower ad- 
ministration. 


e Accelerated construction of Atlas 
and Titan ICBM sites and a second 
plant for the Minuteman solid-fuel 
motors was recommended, but the 
panel did not call for a doubling of 
Minuteman production, in- 
creased Polaris submarine construc- 
tion. 

e In the tactical area, the Mc- 
Namara study groups proposed an 
increase in total military manpower 
and greater emphasis on light, mo- 
bile weapons for the Army. In the 
development area, the group 
headed by Defense Research Di- 
rector Herbert York called for con- 
tinued effort on the Skybolt air- 
launched ballistic missile and the 
B-70 Mach 3 bomber and accelera- 
tion of 2500-mi Polaris A-3 missile. 
No recommendation was made for 
limited production of the Nike- 
Zeus, despite powerful Army pres- 
sure to commence production of 
long lead-time computer and radar 
components in advance of tests of 
the anti-ICBM weapon scheduled 
next year in the Pacific against Atlas 
warheads to be fired from Vanden- 
berg AFB. 


e The Army Corps of Engineers ne- 
gotiated a $61.8-million contract 
for construction of 150 Minuteman 
silos and 15 underground control 
centers at Malmstrom AFB, Mont. 
The cost was more than 23% higher 
than target price of $50 million, 
but well below the initial low bid 
of $78 million. The latter was 
thrown out, and a new round of 
bids was solicited on a modified 
fixed price contract in which some 
penalty provisions were eliminated. 
The Malmstrom job was awarded 
to a joint venture established by the 
George A. Fuller Co. and the Dell 
E. Webb Construction Co. 


e The Navy awarded Raytheon Co. 
a $28.2-million follow-on contract 
for production of the all-weather 
Sparrow III air-to-air missile. It 
gave Grumman Aircraft Engineer- 
ing Corp., Bethpage, N.Y., a $38 
million contract for continued pro- 
duction of W2F-1 early-warning 
and intercept aircraft, bringing the 
total for this project to $179 mil- 
lion. 


Grove Powreactor® Pressure Regulators’ 
amazing simplicity assures reliability. Super-sensitive 
Powreactors instantly respond to pressure changes, main- 
tain constant delivered pressure. Adjustment, inspection 
and maintenance are fastand simple. Silent operation, never 
slams or chatters. Completely self contained. Very compact. 
Positive shut-off. Fail-safe. Available in stainless, bronze 


and carbon steel. Maximum inlet pressures to 10,000 psi, 
adjustable outlet pressures to 6,000 psi. Line sizes from 
%” through 2”. Send for Technical Presentation, No. 123-D. 
GROVE VALVE AND REGULATOR COMPANY 
A subsidiary of Walworth Oakland and Los Angeles, California 
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e The Air Force announced an 
$8.5-million program to build a 
hardened underground combat 
center for the North American Air 
Defense Command that will even- 
tually replace the “soft” control 
system at Colorado Springs. 


SOVIET VENUS PROBE— 
LESSON IN ASTRONAUTICS 


e Although the Russians made the 
favorable Venus transit date for a 
probe early this year, the torrent of 
high-powered hoopla over the 
1418-lb Venus spacecraft suddenly 
dropped to a whisper when it re- 
fused to respond to ground com- 
mands after 15 days on its Venus 
trajectory. The spacecraft at this 
time was about 3 million miles 
from earth, on a path intended to 
bring it closest to Venus about 
May 20. The malfunction left the 
U.S. with the honors for long-dis- 
tance space communications: The 
95-Ib Pioneer V survived 107 days 
after its launching a year ago and 
transmitted its data on command 
over a distance of 22.5 million 
miles. 


@ Moral: Communications will 
measure the success of deep-space 
ventures, 


e In deference to the Soviet effort, 
the attitude-controlled Venus probe 
represented a new order of space- 
craft complexity compared, for in- 
stance, with the nonstabilized, 
omnidirectional Pioneer V. A fail- 
ure in the system designed to slave 
its command-receiver antenna to 
the earth would prevent it from re- 
ceiving command instructions and 
reading-out data. Significantly, the 
Russian Venus shot is generally 
similar to the Mariner series of in- 
terplanetary “fly-by” spacecraft 
now under development by NASA’s 
Jet Propulsion Laboratory. Two of 
these 1150-Ib packages are to be 
readied for Atlas-Centaur launch 
on Venus trajectories in August 
1962, when the next “window” is 
available, according to NASA 
Deputy Administrator Hugh Dry- 
den. 


e The Soviet Venus attempt threw 
considerable light on Russian space 
activity for the past several months. 
It seemed almost certain that the 
7-ton satellite launched 8 days 
earlier was a duplicate Venus shot 
which failed to respond to com- 
mands from the Pacific tracking 
ships to leave its parking orbit and 
enter a Venus trajectory. There 
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was also speculation in top govern- 
ment quarters that the Russians 
attempted a Mars transit last fall 
(when the tracking ships were in 
the Pacific) but that they were ham- 
strung by malfunctions at that time, 
also. (One top-level Administra- 
tion official suggests that Khrush- 
chev’s table-pounding at the United 
Nations meeting last fall was a re- 
action of dismay over the Mars- 
probe failure rather than anger 
with the U.S. over the U-2 inci- 
dent.) 


e The day before contact was lost 
with the probe, the Russians issued 
detailed information on its instru- 
mentation, power supply, and con- 
trol system. They said the space- 
craft carried four antennas (prob- 
ably including radar and radiom- 
eter for Venus measurements), 
magnetometers, micrometeorite ex- 
periments, and energetic-particle 
counters. Nothing was said about 
an optical camera system, and prob- 
ably none was included. Power 
came from two solar-cell panels 
feeding chemical batteries. It was 
expected to transmit data on com- 
mand every 5 days at a frequency 
of 922.8 mc. The Russians did not 
disclose their interrogation sched- 
ule nor a sufficiently tight fix in 
space to enable the 250-ft Jodrell 
Bank radio telescope to detect its 
signal. They said the probe 
should come within 62,000 mi of 
Venus, probably close enough to 
detect the presence of a magnetic 
field and radiation belts. 


e The Russian space feat set off 
a new round of speculation over 
the nature of the Soviet space 
booster. Krafft Ehricke, director 
of Convair Astronautics’ Centaur 
program, believes that the Russians 
doubled the thrust of their first- 
stage booster since the Lunik series 
was completed in 1959, thus en- 
abling them to orbit 5-ton space- 
craft and 7-ton platforms for 
launching Venus probes. He sug- 
gested to Congress that the “work- 
horse” Russian engine is a unit of 
440,000-Ib thrust (an old Peene- 
muende project) and that the 
Russians teamed a pair of these 
together in the Pacific tests con- 
ducted more than a year ago. 


e On the other hand, NASA’s 
Deputy Hugh Dryden believes that 
the Russians have used a first-stage 
booster of  800,000-Ib thrust 
throughout their entire space pro- 
gram and that payload growth has 
been accomplished by adding a 
third stage and improving the ex- 


isting second stage. According to 
this line of reasoning, the Sputnik 
and Lunik flights might have been 
conducted by the unsophisticated 
two-stage version, and the later 
shots may have been boosted by the 
souped-up three-stage rocket sys- 
tem. 


1963 SPACE 
COMMUNICATIONS 


© The governments of many nations 
are actively engaged in preparation 
for the 1963 Extraordinary Admin- 
istrative Radio Conference on Space 
Communications The 1963 con- 
ference was scheduled during the 
1959 World Conference of the 
International Telecommunication 
Union at Geneva. The ITU recog- 
nized then that frequency alloca- 
tions for space research agreed on 
at the 1959 conference were but a 
first effort to provide spectrum 
space for the astronautical pro- 
grams of the various nations. The 
new conference will consider much 
broader and more refined proposals 
for the use of radio in space flight. 
Much greater demands for spec- 
trum space must then be met. 
The U.S. is presently formulating 
its position in anticipation of the 
1963 Conference. The Federal 
Communications Commission insti- 
tuted a special public inquiry into 
the astronautical radio spectrum re- 
quirements in May 1960. In De- 
cember 1960 the FCC broadened 
its inquiry so as to focus attention 
on the critical problem of sharing 
space radio frequencies with earth 
users.. The inquiry is also con- 
cerned with determining criteria for 
the establishment of earth termin- 
als for space communications sys- 
tems, and will consider proposals 
for the setting aside of large ter- 
minal areas free from earthbound 
radio users [familiar to the regions 
set aside for radio astronomy use]. 


THE LOW ROAD 


© Addressing itself and industry to 
problems of reliability and cost of 
space vehicles and launch opera- 
tions, NASA has called for “an en- 
tirely new philosophy of how to 
design, manufacture, test, and 
launch our vehicles.” This was the 
keynote of an important statement 
by NASA Assistant Administrator 
for Programs W. A. Fleming at the 
recent ARS testing conference in 
Los Angeles. No more than 6 days 
for the vehicle at the launch site 
is the goal envisioned by him. #¢ 
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For the record 


The month’s news in review 


Feb. 1—Three-stage Minuteman ICBM with full Feb. 16—NASA solid-fuel four-stage Scout launching 


guidance system soars 4200 mi down Atlantic in 
successful test shot by Air Force of first com- 


plete unit. 


Feb. 2—Senate space committee approves selection of 
James W. Webb to be new head of NASA. 


4—USSR hurls 7.1-ton Sputnik V, heaviest ob- 
ject yet, into orbit around the earth. 


Feb. 


—Yugoslavia announces plans to launch a sound- 


orbit. 


ing rocket, a Japanese-made Kappa-6, within a 


vehicle performs excellently in first test and 
places 12-ft balloon satellite, Explorer IX, into 


Feb. 17—AF launches into orbit Discoverer XX, slated 
to eject 300-Ib recoverable capsule upon ground 
command. 


Feb. 18—AF puts Discoverer XXI into orbit and restarts 
Agena engine on satellite’s first polar orbit. 


year. Feb. 20—Navy proposes use of Polaris as a mobile 

Feb. 5—NASA-Wallops fires Aerobee-Hi to test be- satellite launcher. 

— = liquid hydrogen under zero-gravity Feb. 2I—NASA chooses three astronauts—John H. 
saeiaecaiciaaaa Glenn Jr., Virgil I. Grissom, and Alan B. Shep- 

Feb. 7—X-15 is piloted to record 2275 mph by Maj. ard Jr.—to begin special training for first U.S.- 
Robert White. manned space flight. 

Feb. 9—Smithsonian Astrophysical Observatory re- —AF Thor-Able-Star rocket lifts Transit III-B 
ports that new calculations show earth is a and a “hitchhiker” vehicle, Lofti, into orbit, but 
slight irregular ellipsoid. satellites fail to separate. 

Feb. 10—AF fires Titan 5000 mi over Atlantic in 30 Feb. 22—French recover Hector alive, an encapsulated 
m- rat shot to 95-mi altitude over Sahara desert by 

Feb. 12—USSR sends 1418.66-lb instrumented space a Veronique missile. 
Se Feb. 25—NASA study says USSR is lagging far be- 

8 q hind U.S. in space research despite Soviet 

Feb. 13—AF successfully test fires GAM83B, new air- Union’s “great achievements in space technol- 
to-surface missile. ogy.” 

Feb. 15—President Kennedy reporting on space-lag Feb. 28—NASA makes public “memorandum of under- 
controversy says U.S. is behind USSR in space standing” with FCC on private communications 
boosters, but U.S. rocket engines are adequate satellites development and changes in radio 
for defense purposes. frequency specifications. 

International 

By Andrew G. Haley 
HE International Astronautical posed by Dr. Kopal. On the first ment with respect to the necessity of 


Federation meetings held in Paris 
on March 2-7, 1961, were distin- 
guished by remarkable agreement and 
spirit of cooperation between the mem- 
ber societies from the USSR, the East- 
em European nations, the Western 
European nations, and the societies 
from the Western Hemisphere. 

The Committee on the Revision of 
the Constitution—composed of Vladi- 
mir Kopal, chairman, William H. 
Pickering, L. R. Shepherd, E. A. Brun, 
L. I. Sedov, and Andrew G. Haley— 
met for several hours on Thursday, 
March 2, and thoroughly considered 
the new draft of the Constitution pro- 
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reading, procedural questions were 
fully disposed of and a large number 
of substantive matters were decided 
upon. The next day, the Committee 
met at an early hour of the morning 
and worked for several hours, the 
members at all times earnestly seek- 
ing the resolution of all problems 
without undue compromise. The 
United States delegation was supple- 
mented by the presence of Howard S. 
Seifert, and other officials were in- 
vited to attend, including Michel 
Smirnoff of Yugoslavia. 

By common agreement it was de- 
cided to eliminate any positive require- 


electing officers from the USSR and 
U.S.A.; and, in lieu thereof, in Article 
25 of the Constitution “policy” lan- 
guage was adopted, as follows: “In 
the election of officers due regard shall 
be specially paid to candidates of 
Members from those countries where 
astronautics has reached a high degree 
of development and to the necessity of 
equitable geographical distribution.” 
It must be observed that this statement 
does not tie the hands of the General 
Assembly, but simply declares policy 
which would be adhered to, as a 
matter of common sense, in any event, 
and which also takes into considera- 


tion the best interests of small and 
distant countries. 

The powers of the General As- 
sembly were in no way curtailed, al- 
though under Article 35 the Bureau 
has the duty to prepare and submit 
an agenda for the Congresses of the 
IAF; nevertheless, under Article 19 
the General Assembly has the power 
“To approve and modify the Agenda 
of its plenary meetings proposed and 
submitted by the Bureau.” All mem- 
bers of the Committee recognize the 
necessity of avoiding the impact of 
demagoguery 
which so often threatens plenary ses- 
sions of parliamentary bodies, so it 
was unanimously decided that while 
modifications in the agenda could be 
required by the General Assembly, the 
changes desired should be given 
interim consideration by the Bureau. 
This provision was inserted as a “stop- 
gap” against hasty actions, but the pro- 


vision does not ultimately restrain the| © 


sovereign powers of the General As- 
sembly. Furthermore, in the conduct 


of the business of the Bureau, pro-| | 
cedural matters may be decided in-| ; 


formally, but matters of serious sub- 
stance must receive unanimous ap- 
proval. For example, if in arriving at 
a budgetary decision any undue finan- 
cial burden might be suggested to be 
placed upon members from small na- 
tions, such members would have the 
right, through representation on the 
Bureau, to demand unanimous agree- 
ment on the final decision of the Bu- 
reau. In other words, the small So- 
ciety has the same right to request 


unanimity on a substantive matter as| | 


has the large Society. No distinc- 
tion is made with respect to the USSR 
or the U.S.A. 

The Bureau adopted a memorial 
thanking the Colombiano Institute of 
the City of Genoa, Italy, for the $8000 
Christopher Columbus Award, stating, 
“In accepting this award, we are en- 
couraged to follow the spirit of the 
great explorer Columbus in our efforts 
to foster cooperation between all na- 
tions in opening the new frontiers of 
space. On behalf of the General 
Assembly of the International Astro- 
nautical Federation, the undersigned 
members of the Bureau express their 
sincere appreciation of the generous 
gesture of the Colombiano Institute.” 

Attending the meeting of the Bu- 
reau were E. A. Brun, W. Buedeler, 
Haley, Kopal, W. G. Kostomarov, F. J. 
Malina, J. Peres, R. Pesek, Pickering, 
Sedov, Seifert, Shepherd, Smirnoff, 
and T. von Karman. 

The French National Bank enter- 
tained all the delegates at a reception 
on March 3. On March 4, the Minis- 
try of Foreign Affairs entertained the 
( CONTINUED ON PAGE 95) 
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For complete information, contact your 
nearest CEC sales and service office, or 
write for Bulletin CEC 1623-X17. 
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... get both with this 
recording oscillograph 


Rack it vertically...stand 
it on a bench...use it on 
a table! CEC’s 5-123 
Recording Oscillograph 
delivers print-out data 
immediately with exclu- 
sive “DATAFLASH”* 
that produces traces 60 
times faster than any 
other print-out process. 
This modular design 
instrument gives you 
immediate access to 
clear, readable data while 
recording at 16 ips. 


Along with unmatched 
mounting versatility, the 
5-123 offers the advan- 
tages of non-chemical 
processing using stand- 
ard print-out papers— 
and with no latensifica- 
tion delay. Its other key 
advantages include full 
front accessibility and 
pushbutton controls to 
change speeds instantly 
from 0.1 to 160 ips while 
recording 36 to 52 chan- 
nels of data. 
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Within these labyrinthed en- 
trances, shielded from the world 
by six feet of reinforced concrete 
and full-height earth barricades, 
lurks the mighty Betatron. Its 
task: to search out any defect in 
production-line propellant grains 
exposed to its powerful X-ray eve. 


This giant eye is only one part of our 
complete nondestructive test installa- 
tion at Bacchus. Through such steps, 
the life history of each individual unit 
becomes an open book—its reliability 
can be computed, its readiness known 
before the need arises. Such exacting 
tests pave the way to space. 


Here twenty-five 
million electron 

volts probe the 

inmost secrets 
of a missile 


Vastly more powerful than any known 
industrial X-ray apparatus. the Betatron 
yields a clear picture through the full 
girth of the third-stage Minuteman 
engine in an eight-minute exposure, 
contrasted with more than a nine-hour 
exposure required with 1,000 curies of 
cobalt 60. Resolution is such that 
irregularities down to 0.01 inch can be 
examined. Power of the instrument, 
and dimensioning of the building which 


houses it, are more than equal to the 
task of scrutinizing interior topography 
of the cast composite double-base 
solid-propellant motors made at Bacchus: 
the third-stage Minuteman, advanced 
second-stage Polaris, Altair, and the others. 
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and Physicists 
) assume respo ibility 


Progress of the Hughes Infrared 
Systems and Guidance Heads De- 
partment reflects Hughes’ overall 
growth. In the past ten years, em- 
ployment has risen from under 
2,000 to over 30,000 in semi-auton- 
omous divisions concerned with 
Engineering, Research, Commer- 
cial Products, Ground Systems, 
Communications and Manufactur- 
ing. The infrared activity includes 
these typical projects: 


1. Air-To-Air Missiles 

2. AICBM 

3. Air-To-Air Detection Search Sets 
4. Satellite Detection & Identification 
5. Infrared Range Measurement 

6. Detection Cryogenics 

7. Detector Application Physics 

8. Optical Systems Design 


These activities have created a number 
of new openings for graduate engineers 
and physicists with analytical and 
inventive abilities. 


You are invited to investigate these 
openings if you have several years of 
applicable experience in_ infrared, 
optics or electronics, and can assume 
responsibility for systems analysis 
and preliminary design. 


The importance of infrared develop- 
ment at Hughes is shown in substan- 
tial development contracts and in the 
fact that Hughes is investing its own 
funds in further exploration. 


We invite your earliest inquiry. Wire 
collect, or airmail resume directly to: 
Mr. William Craven, Manager, 
Infrared Systems and 

Guidance Heads Department, 

Hughes Aerospace Engineering Division, 
Florence and Teale Streets, 

Culver City 29, California. 


We promise that you will hear from us 
within one week! 


Creating a new world with electronics 


HUGHES AIRCRAFT COMPANY 
AEROSPACE ENGINEERING DIVISION 


Write for reprints of these important technical 
papers, written by Hughes staff members... Infra- 
red Search-Systems Range Performance; R. H. 
Genoud/Missiles Seekers and Homers; W. A. 
Craven, et al. Servomechanisms Design Consid- 
erations for Infrared Tracking Systems; J. E. 
Jacobs/Simulation of Infrared Systems; H. P. 
Meissinger. 
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ntegration: 


A Problem 
for ARS 
Too 


' suRPRISES a lot of the 18,000 ARS members today to learn that 
their Society was called the American Interplanetary Society 
when it was founded in 1930. 

In 1934 the name was changed to AMERICAN Rocket Society be- 
cause, as Astronautics of March 1934 explains, “in the opinion of 
many members, adoption of the more conservative name, while in 
no way implying that we had abandoned the interplanetary idea, 
would attract able members repelled by the present name.” 

For years, the big problem for the adherents of space flight in ARS 
was the development of the rocket engine, and so the Society and its 
JOURNAL concentrated on propulsion. There was no desire to ex- 
clude other disciplines necessary to the development of a space tech- 
nology. The other disciplines simply hadn't gotten started yet. They 
all had to wait for the rocket. 

Nevertheless, the Journat didn’t restrict itself entirely to pro- 
pulsion by a long shot. For example, here are some titles of articles 
published more than 10 years ago—in 1951 issues: “Interplanetary 
Travel Between Satellite Orbits,” by L. Spitzer Jr.; “Automatic Navi- 
gation of a Long-Range Rocket Vehicle,” by H. S. Tsien, T. C. Adam- 
son, and E. L. Knuth; “Manned Flight at the Borders of Space,” by 
H. Haber; “Exposure Hazard from Cosmic Radiation at Extreme 
Altitude and in Free Space,” by H. J. Schaefer. 

It’s safe to say, though, that of the 1000 members in 1951 not more 
than a few hundred were in fields other than rocket propulsion. 

Now, 10 years later, we take another look at the Society. A 
breakdown recently made of a 1000-member sample shows that pro- 
pulsion is no longer even the No. 1 field represented. The sample 
shows that 26.4% of our members are in the “Vehicles and Vehicle 
Systems” category, 18.2% in “Propulsion,” 16.1% in “Guidance, 
Control, Communications, and Instrumentation,” and lesser per- 
centages in other fields. 

Further, of the 273 members of the 19 ARS Technical Committees, 
184 deal with the 12 Committees that have nothing to do with pro- 
pulsion—Astrodynamics; Communications and Instrumentation; 
Guidance and Navigation; Human Factors and Bioastronautics; 
Hypersonics; Missiles and Space Vehicles; Physics of the Atmosphere 
and Space; Power Systems; Magnetohydrodynamics; Space Law 
and Sociology; Structures and Materials; and Test, Operations, and 
Support. At the 15th Annual Meeting in Washington, 115 of the 
165 papers presented were on these subjects. 

This is as it should be. The ARS problem is not simply whether 
we have the capability to send a 100,000-lb payload into space—it is 
to integrate the problems of a whole gamut of fields represented by 
the spheres of interest of the Technical Committees into answers 
which add to the over-all space flight capability of the U.S. and the 
world. 

This was our objective in 1930. It remains our objective in 1961. 


Harold W. Ritchey 
President, AMERICAN Rocket SOCIETY 
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Rendezvous in space 


For the great missions, man’s exploration of the moon 
and planets, true spaceships will be necessary, and 


we must choose soon the means to make these a reality 


By Kurt R. Stehling 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION, WASHINGTON, D.C. 


oo energy and propulsion energy alone can project a 

spacecraft into space. The heavier the spacecraft, the more pro- 
pulsion energy required—there can be no equivocation with this 
simple fact. As our space missions become more complicated and 
ambitious, our spacecraft will become heavier. As the spacecraft 

* become heavier, the vehicles will have to become larger. We can 
increase their energy content per given volume—that is, increase the 
specific impulse of the propulsion systems—and thus stave off tem- 
porarily some of the inevitable increases in vehicle size. But for any 
given vehicle propulsion system there is an almost direct relation- 
ship between the weight of a spacecraft and the size of the booster 
needed. 

It should be obvious that as spacecraft achieve very large sizes 
and weights, boosters may reach a point where they become in- 
ordinately large. This growth factor is paralleled by other forms of 
transportation vehicles, such as ships and aircraft. These have 


Kurt R. Stehling is a staff scientist in 
NASA’s Office of Program Planning 
and Evaluation for the Administrator. 
He was formerly head of the Van- 
guard Propulsion Group at NRL, 


charged with supervision of power- PHASE(1)- LAUNCH PHASE: Initial guidance and take off time 
plant development for the project. A PHASE(2)- INJECTION INTO ORBIT: Injection angle, orbital 
graduate of the Univ. of Toronto, he PS element, vehicle attitude, injection into lower orbit 
did work on high-altitude infrared Rok than existing orbiter 

spectrometry and combustion phe- | PHASE@)- TERMINAL CLOSING GUIDANCE AND CONTROL: 


nomena while with the American t Very small acceleration, attitude 
Optical Co. in 1949-50; was a rocket | . ; 
research engineer with Bell Aircraft PHASE@- ACTUAL COUPLING MANEUVER BEGUN: 
from 1950 to 1953; did research at 
Princeton’s Forrestal Research Center 
in 1953-54; and was acting group 
leader of Bell’s Fluid Mechanics and 
Heat Transfer Rocket Section prior to 
joining NRL in 1955, moving to NASA 
when the Vanguard project came un- 
der the agency’s direction. 

The opinions expressed in_ this 
article, the author notes, are his own 
and do not necessarily reflect official 
views of NASA. 
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reached, or are reaching, the point where size has 
distinct limitations, and other stratagems are neces- 
sary to overcome the drawbacks of very large di- 
mensions, 

In astronautics, size limitations are even more 
painful. At our present stage of space development, 
for instance, the cost of developing a new set of 
vehicles for each new and larger space objective 
becomes tremendous. 

Workers in the field have recognized this for many 
years. As far back as the late 1920's, such men as 
von Pirquet, Oberth, and others in Europe, and, 
since the last war, von Braun, Krafft Ehricke, and 
some of their colleagues and other American scien- 
tists, and Russians for that matter, have reviewed 
the problems of large vehicle construction and have 
concluded in many cases that some form of “incre- 
mental” space flight should be established. 

The names given this stratagem include “orbital 
rendezvous” or “orbital interception” or “refueling 
in space,” etc. Whatever the name of the scheme, 
it embodies some form of refueling of a spacecraft. 
Its aim is to set a limit on the building of larger and 
larger rocket vehicles and permit some terminal size 
that has the capability of launching large spacecraft, 
with a good reliability and the capability of estab- 
lishing contact in space and adding to the final 
spacecraft, by increments, the extra propulsion 
energy and other supplies needed for a deep-space 
journey. 

This problem of rendevous vs. large “one shot” 
boosters is facing the entire area of space flight 
today. Some very important decisions will have to 
be made in the next two or three years on the 


CONTROL 
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desirability of undertaking the development of very 
large rocket engines that may power colossal first- 
stage boosters for such missions as manned lunar 
landings and permanent space stations. Alterna- 
tively, the question must be answered: Can a me- 
dium-sized booster be developed with a high effi- 
ciency and reliability and be usable for rendezvous 
schemes that will do in the end what would “nor- 
mally” be done with large single vehicles? 


Problems Confronting Engineers 


Even without discussing particular space flight 
missions that might demand boosters beyond pres- 
ently available or planned ones, or that might de- 
mand rendezvous, it is of value to review briefly 
some technical problems that confront astronautical 
engineers who favor rendezvous projects. 

The space rendezvous maneuver for refueling 
looks similar in some ways, superficially similar, to 
aerial refueling of jet bombers. Refueling is treated 
here as a major purpose of rendezvous for simplicity; 
there are other important ones—crew exchange, pro- 
vision of stores, etc. 

Interestingly enough, aerial refueling can actually 
be a more difficult technical problem in some re- 
spects than orbital refueling. Two aircraft must 
first of all find each other in a large expanse of aerial 
territory and then approach closely and transfer 
large quantities of inflammable liquids. Very close 
coordination must take place between the two air- 
craft crews, yet much of the fuel transfer must be 
done automatically without the actual coupling be- 


GUIDANCE AND CONTROL ELEMENTS 


The _ sketches depict 


adding of propulsion- 


system packages in 
series or parallel. Con- 
trol of the operation 
might be entirely from 


the spacecraft, rather 
than chiefly from the 
ground, in an advanced 


system. 


SPACECRAFT LATCH 
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Opposing Space System Equivalents 


L 
Note: Payload L boosted to escape velocity equals six of payload L/3 
— = = 
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The huge N vehicle for a direct flight to escape velocity equates roughly to six S vehicles taking L/3 
payloads to orbital velocity and then subsequent orbital launch of an assembled L payload to escape. 


Estimated Economics of the Two Systems 


VEHICLE N 
* N costs to reach operation, including launch facilities, 
* Cost per launch of N with payload............+05- $100 million 


* Cost of 100-payload mission contemplated, requir- 


VEHICLE S 
® S$ costs to reach operation, including launch facilities, 

© Cost per launch of S with payload.........eeeeeee $15 million 
© Cost of mission equivalent to 100 N, requiring 600 S 

Cost to develop rendezvous $1 billion 


N: Total mission cost. ..$16 billion 


S: Total mission cost. ..$11 billion 


Note: Time would be a more weighty factor in the N System development. 


ing done by the crews. The air is an impediment, 
since a crewman cannot just walk out on the wing 
or tail of a bomber and plug in a gasoline hose. The 
air stream and aerodynamic forces not only preclude 
much crew handling of refueling equipment but 
also subject the aircraft to disturbances and per- 
turbations which greatly increase the difficulties of 
a quick mating of the aircraft, to say nothing of 
such side problems as possible collision. 


Other Heartbreaking Problems 


If refueling is done in space, there are no aero- 
dynamic forces. No, there are other heartbreaking 
problems, which might be summarized briefly as 
follows. 

First, let’s look at problems of mechanically 
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Cost of operational failures with the two systems are assumed equal. 


coupling hoses or pipes. The propellant or propel- 
lants that are needed by the earth-escaping space- 
craft have to be transferred under weightless condi- 
tions in an environment of intense solar, and other, 
radiations. This inimical environment probably 
precludes much servicing manipulation by astro- 
nauts in an orbiting craft. Suppose our two space 
vehicles have approached closely enough to permit 
the coupling of pipes to tanks. Then what? Under 
zero-G the liquids will have no “head” and will have 
to be fed either by bladder or piston tanks, or the 
two vehicles will have to have some small ullage 
rockets or gas jets to produce a small acceleration. 
The slightest leak with cryogenic propellants, if 
these were used, and at the high pressure ratios ex- 
isting, would produce a great cosmic steam-kettle 
effect. With a bipropellant rocket (instead of a 
monopropellant or a nu- (CONTINUED ON PAGE 46) 
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IAS-ARS joint meeting set 


The country’s two largest societies representing aeronaut- 


ical and astronautical science and engineering join hands 


in June for history-making joint meeting on the West Coast 


| asics program of more than 110 tech- 

nical papers has been established for the 
National IAS-ARS Joint Meeting scheduled for 
June 13-16 at the Ambassador Hotel in Los 
Angeles, Calif. 

This marks the first time that the two largest 
American professional societies concerned with 
aeronautics and space technology have held a 
major joint meeting. The occasion will com- 
bine the traditional ARS Semi-Annual Meeting 
and the IAS Summer Meeting. 

The joint meeting will be the largest techni- 
cal conference held on the West Coast this 
year, and the only major interdisciplinary 
meeting either society will hold on the West 
Coast this year. 

Some 32 sessions have been scheduled for 
the joint meeting, covering a broad range of 
technology, from VTOL aircraft to deep-space 
vehicles. 

The program has been organized under the 
direction of Charles W. Eyres of Norair Div., 
Northrop Corp., in conjunction with program 
vice-chairman Chauncey J. Hamlin Jr., of 
North American Aviation. 

The program has been arranged to provide 
quadruple concurrent sessions in the morning, 
afternoon, and evening. A banquet and 
dance at the Coconut Grove has been sched- 
uled for Thursday evening, June 15th. 


NOTS Program Planned 


A special program has been planned for Fri- 
day, June 16th, by the ARS Underwater Pro- 
pulsion Committee at the Naval Ordnance 
Test Station, Pasadena, Calif. A review of the 
developments in underwater propulsion at 
NOTS is planned. Security arrangements for 


the trip will be announced. 

Of primary interest to the ARS members 
attending the conference are the sessions de- 
voted to astrodynamics, earth-landing and re- 
entry problems, major missile progress reports, 
and military applications of space vehicles. 

In addition, there will be sessions on elec- 
trical propulsion, digital-computer applica- 
tions, structures and materials, planning for 
success in the one-shot mission, communica- 
tions and instrumentation, communication- 
satellite systems, space operations and main- 
tenance, space physiology and performance, 
and orbital aircraft. 


Space Papers Featured 


Some of the papers to be presented at the 
meeting which will receive special attention 
from ARS members include “Current and Pos- 
sible Future Air Force Programs” in the Mili- 
tary Applications of Space Vehicles session, 
and “NASA Program in Communication Satel- 
lites Systems,” which will be presented in the 
Communications and Instrumentation session. 

A paper on “Some Thermodynamic Prob- 
lems of Orbital Aircraft” will be presented in 
the Orbital Aircraft session, and the Space 
Physiology and Performance session will fea- 
ture a paper on “Interdependence of Radiation 
Shielding and Satellite Design.” 

Sessions that will be classified are: Program 
Status Report on Titan ICBM, Advanced Air- 
breathing Propulsion Systems, Orbital Aircraft, 
Military Applications of Space Vehicles, and 
Liquid Rockets. 

Security arrangements will be handled 
through the AF Air Research Development 
Command. In out- (CONTINUED ON PAGE 77) 
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Applications of materials 
to solid-rocket nozzles 


The ever-increasing performance of propellants, headed for combus- 


tion temperature of 8300 F in the next decade, stimulates the drive 


for better nozzle materials, better known and more cleverly applied 


Edward W. Ungar, is a principal me- 
chanical engineer at Battelle Me- 
morial Institute, where he has been 
engaged in studies related to high- 
temperature environments, ablation 
pressures, fluid dynamics, and nozzle 
development since joining the well- 
known institution in 1957, after re- 
ceiving a degree in mechanical engi- 
neering from the City College of New 
York. He received an M.Sc. from 
Ohio State Univ. in 1959. His pre- 
vious publications have been related 
to combustion-system modeling and 
particle impacts on ablating surfaces. 
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By Edward W. Ungar 


BATTELLE MEMORIAL INSTITUTE, COLUMBUS, OHIO 


dea rocket engines offer distinct advantages over 
liquid-propellant engines, particularly simplicity and constant 
readiness. However, one disadvantage is that the solid rocket’s fuel 
cannot be used directly to cool the exhaust nozzle, as is done com- 
monly in liquid engines. The solid-rocket nozzle must either be 
capable of operation in the environment produced by the combus- 
tion product or some type of a built-in thermal-protection system 
must be used. 

The conventional bell nozzle is the type which is currently used 
most widely. It is a fixed-geometry device which has a fixed expan- 
sion ratio and thus, with a fixed combustion pressure, has the opti- 
mum shape at only one altitude. Advanced nozzle concepts, such as 
the plug nozzle’ and the expansion-deflection nozzle,* which are 
being studied, offer the advantage of altitude compensation. (Su- 
perscript numbers indicate references at the end of the article. ) 

The design of minimum-weight nozzles for solid rockets has be- 
come increasingly difficult, because of increases in burning times and 
the introduction of propellants with higher and higher performances. 


\ 
- 
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Burning time is a critical factor because the nozzle 
must maintain its integrity while exposed to exhaust 
products as long as an engine operates. Propellants 
currently being developed produce exhaust products 
with higher temperatures and greater chemical acti- 
vity than those used previously. In addition, these 
products of combustion often carry a high concen- 
tration of particles in suspension. 

In view of these trends, our purpose here is to 
identify problems involved in both the selection of 
materials and the development of nozzles for use in 
solid-propellant rocket engines, and also to examine 
approaches being taken to solve these problems. 


Structural Design Concepts 


The environment produced by the combustion of 
a solid propellant imposes restrictions on the selec- 
tion of materials for use in uncooled exhaust nozzles. 
These restrictions are in addition to those normally 
associated with selecting materials for flight ve- 
hicles. Let us approach the materials-selection 
problem by a brief description of the hypothetically 
ideal material. 

An ideal material must operate for extended 
periods essentially at equilibrium with the hot com- 
bustion products. The material must therefore (1) 
be sufficiently refractory to withstand the maximum 
combustion temperatures contemplated, while re- 
taining a reasonable strength, (2) be chemically 
compatible with combustion products, (3) be re- 
sistant to both thermal and mechanical shock, (4) be 
sufficiently tough to withstand mechanical abrasion 
resulting from high-velocity particle impacts, (5) 
have a high strength-weight ratio, (6) be ductile, 
(7) be readily available and present no serious 
fabrication difficulties, and (8) have reasonable cost. 

Unfortunately, this ideal material does not exist 
and probably will not be available in the foresee- 
able future. Therefore, schemes are required which 
allow the use of materials of lesser potential. These 
schemes involve the use of several materials in a 
composite structure that utilizes the desirable prop- 
erties of each.’ The effects produced by undesir- 
able properties (such as high density) must be 
minimized in the design of the composite structure. 
A composite-nozzle structure is illustrated schemati- 
cally on this page. 

Hot Structures. A “hot” structure is one which 
operates continuously with exposed surfaces so hot 
as to be almost adiabatic. Materials for the ex- 
posed element of a hot structure must possess at 
least the first three properties of the ideal material. 
The supporting materials of the composite structure 
must compensate for deficiencies in the other prop- 
erties listed. Low thermal conductivity thus be- 
comes desirable, to prevent overheating of the less 


Modified Hot-Structure Type of Nozzle 


Throat 


Heat-Flux Distribution in a Nozzle 


refractory components in the composite. 

There are advantages in the use of hot structures, 
and also certain difficulties involved in attaining 
such a system in practice. The principal advantages 
are reproducibility of engine performance and pos- 
sibility of a minimum-weight design. 

Heat-Sink Structures. The heat-sink concept is 
based on the assumption that a structure which 
would ultimately fail or melt in a severe thermal 
environment may perform satisfactorily while it is 
being heated. Thus, for a finite time after intro- 
duction into the environment, the structure is satis- 
factory, but failure by melting or loss of strength 
will result from exposure for longer periods of time. 

To extend the time of satisfactory operation, the 
material must be capable of rapidly transferring this 
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heat impulse into the interior of the structure. That 
is, the material must possess a high thermal con- 
ductivity. When the mass of the structure must be 
minimized for a particular total energy absorption, 
the product of specific heat and available tempera- 
ture range as a solid must be large. When rate of 
absorbing heat becomes the dominant requirement, 
the thermal diffusivity is the more important ma- 
terial property. 

In practice, composite nozzle structures can be 
used that employ highly refractory materials on the 
exposed surface, but also have an appreciable heat- 
sink capacity in the underlying material. The ex- 


posed surface layer is thus cooled by the under- 
lying materials sufficiently to delay surface melting 
or appreciable loss in strength beyond the required 
operating time. These structures might be termed 
“modified hot structures.” 

Ablative Structures. Ablation systems have been 
studied extensively in connection with the re-entry 
problem. The ablation process consists of the for-_ 
mation of relatively cool gas and/or liquid melt- 
layer by decomposition, melting, sublimation, or 
melting, with subsequent boiling. A good general 
discussion of this subject, pertinent to nozzle de- 
sign, was recently pre- (CONTINUED ON PAGE 83) 


Nozzle Environments and Philosophies 


| Time Period 1960-1965 


Representative 6300 
flame temp, F 


Estimated heat flux ~30 
to throat, Btu per 
sq-in.-sec (at 
600 psi) 


Dissociated, 
generally reducing 


Chemistry of 
exhaust products 


Non-gaseous exhaust | Primarily aluminum 
species oxide 


Available basic Tungsten, some 


materials for equi- carbides 
ilibrium operation 


Pertinent design Modified 
philosophy for throat} hot structure 
region in composite 


Heat sink- insulator 


XA 


Structural shell 
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Composite ceramic-metal systems 


Under development for service at temperatures of 3000-6000 F, 


for a variety of space-vehicle applications, they represent a 


shift of materials engineering from raw producer to specialist 


By A. V. Levy, AEROJET-GENERAL CORP., SACRAMENTO, CALIF. 
S. R. Locke, MARTIN CO., ORLANDO, FLA. 


H. Leggett, HUGHES TOOL CO., CULVER CITY, CALIF. 


| ADVENT of the aerospace age has presented new and difficult 
requirements to materials producers, requirements that are as 
much of a revolution in the materials field as is the whole aerospace 
technology now being generated. The decrease in quantity and 
increase in quality and specialized performance of products de- 
manded of materials producers promises to alter the previously es- 
tablished pattern of materials utilization by the aerospace industry. 
In the future, the materials user, and not the producer, will create 
from raw materials specialized materials that he will subsequently 
form to the required shapes. The small quantity of materials needed 
and the unique performance required of them will force the user to 
create the material as an integral part of a system program, rather 
than obtain it from the materials producer in a form that is ready to 
be molded to shape. 

Probably the foremost example of materials that will follow this 
path of development and utilization are the composite ceramic- 
metal systems. The successful development of material systems to 
withstand the severe environments of re-entry components, solid- 
rocket nozzles, uncooled liquid-rocket chambers, electrical-propul- 
sion components, and other aerospace devices that will operate 


Examples of Metal Reinforcements 


Alan V. Levy is head of the Materials 
Research and Development Dept. in 
Aerojet-General’s Solid Rocket Plant. 
A graduate of the Univ. of California 
with an M.S. in physical metallurgy in 
1951, he started his career with Mar- 
quardt as head of its materials and 
process engineering activity, respon- 
sible for all of the materials and 
fabrication development required to 
produce advanced ramjet engines; con- 
tinued his career at the Hughes Tool’s 
Aircraft Div., where he was manager 
of the Materials Engineering Dept., 
specializing in the development of 
high-temperature components, such as 
solid-rocket nozzles; and _ recently 
joined Aerojet to direct the materials 
engineering activity associated with 
solid rocket motor development. 


Saul R. Locke recently joined Martin- 
Orlando, where he will be responsible 
for materials engineering work. Prior 
to this assignment he spent several 
years with Aerojet-General and 
Hughes Tool working in the field of 
advanced material systems for un- 
cooled solid rocket motor nozzles. He 
graduated from the Polytechnic Insti- 
tute of Brooklyn with an M.S. in 
metallurgical engineering in 1954. 


Hyman Leggett is manager of the Ma- 
terials Engineering Dept. at Hughes 
Tool’s Aircraft Div., in charge of de- 
velopment work on ceramic composite 
systems for uncooled rocket nozzles. 
Prior to joining Hughes Tool, he was 
responsible for ceramics-development 
programs at Marquardt and Rocket- 
dyne. He received a B.S. in ceramic 
engineering in 1942 from the Missouri 
School of Mines. 
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above 3000 F requires an extensive knowledge of the 
environment to which the material will be exposed, 
direct access to test facilities where the materials 
can be exposed to the environment, and immediate 
use of test results to modify materials-engineering 
programs while they are in formative stages. The 
development of a composite material will therefore 
require the same engineering approach in an aero- 
space system as do the other aspects of the system, 
such as aerodynamics, heat transfer, structure, con- 
trols, etc. What we have to say will illustrate, we 
hope, this concept of the user developing specialized 
material systems for aerospace utilization. 


New Composite Systems 


The type of metal-ceramic composite material that 
will be discussed is an extension of the concept de- 
veloped for metal-fiber-reinforced ceramics, and the 
reinforcement principles apply for both types of 
materials. The principal difference between metal- 
fiber-reinforced ceramics and the sheet- or wire- 
reinforced ceramics discussed here are the dimen- 
sions and configurations of the reinforcement and 
the types of ceramic mixes that can be used. In 
felted-fiber-reinforced ceramics, the mean distance 
between adjacent fibers requires that the ceramic 
be impregnated by means of a liquid slurry. This 
type of impregnation requires a pressing and sinter- 
ing operation to produce usable quality shapes. 
The use of metal-sheet or wire-reinforcement con- 
figurations opens up the spacing between adjacent 
reinforcement elements, thereby permitting a large 
variety of ceramic consistencies and application 
methods to be used. 

The work performed by the authors in the field of 


A striking example of the possible applications of metal-ceramic structures for spa 


Texture of Ceramic Matrix 


reinforced ceramics pioneered in the field of 
trowelled-on sheet- or wire-reinforced ceramics. 
The work to date has produced extremely promis- 
ing composite systems for use as insulating coatings 
or structural elements in large sizes for cyclic serv- 
ice up to approximately 4500 F. 

The reinforcement of ceramic bodies by additions 
of metal in sheet or wire form requires that certain 
factors be adhered to in order to prevent fracture of 
the ceramic due to metal inclusion planes of weak- 
ness. These can be summarized as follows: 

(a) The expansion coefficients of reinforcement 
and ceramic matrix must be compatible. They do 
not necessarily have to be the same level. 

(b) The reinforcement metal spacing should be 
such that the void space will produce an unrein- 
forced ceramic column of sufficient strength to with- 


cecraft: An experimental wing 


leading edge for a hypersonic vehicle—left, molybdenum-mesh form with stiffeners and, right, composite structure 


with ceramic applied. 
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Ceramic on reinforcing base looks 
like this after seven cycles of being 
plasma-torch heated to 4200 F for 
21/, min, cooled with an air blast 
at a rate of 650 F per sec to 
1000 F, and then cooled somewhat 
slower to room temperature. The 
stripped specimen at the right re- 
veals that this treatment does not 
oxidize the reinforcement of the 
base. 


stand thermal and mechanical loads and yet not 
large enough to build up a thermal gradient suffi- 
cient to produce fracture. Void spacings varying 
from 1/s to 1/4 in. have proved to be satisfactory. 

(c) The reinforcement metal configuration and 
location in the matrix should not produce in-line 
planes of weakness in the matrix along which cracks 
can propagate. The photo on page 27 shows some 
of the types of metal reinforcement that have been 
successfully used. 

(d) The thickness of the metal reinforcement 
should be limited to that which will remain flexible 
with respect to the ceramic under applied thermal 
and mechanical loads. Thicknesses and widths 
ranging from 0.125-in.-wide by 0.010-in.-thick strip 
to 0.020-in.-diam wire-woven mesh represent the 
successful limits in reinforcements used to date. 

(e) The ceramic should have a level of porosity 
that will enable it to act as a mosaic under thermally 
or mechanically induced deflections. Porosities 
ranging from 20 to 40% have proved successful. 
The photo on page 28 shows the type of ceramic 
structure used in the composites. 

In addition to assuring that the metal reinforce- 
ment will not contribute to the uncontrolled frac- 
ture of the ceramic matrix, several other factors 
must be considered in developing a reinforced ce- 
ramic for a specific application. 

For example, if it is desired to use the composite 
as an insulating coating for a metal-wall combus- 
tion chamber, a means of securing the reinforcement 
to the wall must be developed. The refractory 
metal selected for the reinforcement must be pro- 
tected against internal oxidation if it is to use the 
component in an oxidizing atmosphere. The coat- 
ing surface emissivity must be modified to serve 
best the particular application. Total normal emis- 
sivities varying from 0.2 to 0.85 can be developed in 


alumina- and zirconia-based ceramics. If it is de- 
sired to apply the coating as thermal insulation on 
comparatively large bodies, a simple, economical 
method of application must be devised, and a com- 
position must be selected that can be cured or set 
at relatively low temperatures. These and many 
other considerations are required before a com- 
posite design can be successfully developed into a 
usable material. 


Metal Reinforcement Problems 


The presence inside a ceramic matrix of rela- 
tively large masses of metal with physical properties 
that do not match those of the ceramic can cause 
reliability problems in severe thermal gradients or 
over long distances (several feet), unless a detailed 
distribution of heat throughout the system is known. 
A heat-transfer program can produce valuable in- 
formation to guide the materials engineer in the 
selection of the reinforcement and ceramic-matrix 
materials, their thicknesses, the relative distribu- 
tion of materials in the composite, and other fac- 
tors in the over-all development of the system. 

The concept of producing a reinforced-ceramic 
coating capable of insulating a combustion cham- 
ber by reducing its operation temperature by at 
least 500 F was achieved by the development of a 
stainless-steel corrugated-strip-reinforced aluminum- 
phosphate-bonded alumina. The composite mate- 
ria] that resulted has been used successfully in ram- 
jet combustion chambers up to several feet in diam- 
eter and 8 ft long. Its use has also been extended to 
structural applications such as the wing-leading- 
edge configuration, shown on page 28, by substi- 
tuting molybdenum wire mesh precoated with a 
pack cementation coating (CONTINUED ON PAGE 58) 
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Expandable structures for space 


Manned space stations, re-entry gliders, and such components 


as solar collectors acquire new design dimensions through an 


imaginative application of some new twists on old techniques 


By J. T. Harris and F. J. Stimler 


GOODYEAR AIRCRAFT CORP., AKRON, OHIO 


XPANDABLE structures are seriously contemplated 
E for space vehicles. The term, “expandable 
structure,” means a structure constructed of flex- 
ible materials which can be packaged into a small 
volume, and upon command, expanded into its use- 
ful shape by inflation. 

The advantages of this structural concept exist 
in its unique capabilities for packaging, ease and 
reliability of deployment and erection, lightweight, 
and structural recovery after overload. 

Goodyear Aircraft has developed this concept into 
a large number of structural applications including 
such flight articles as the nonrigid airship and the 
Goodyear Inflatoplane, as well as inflated radomes 
for large radar antennas. 

A more recent development has been the stabili- 
zation balloon for high-altitude and high-speed ap- 


plication. This concept offers replacement of the 
parachute or other conventional drag bodies by 
providing positive and predictable characteristics 
in this regime of operation. 

The outstanding advantages of this structural 
approach and the degree of success achieved in its 
application led naturally to its consideration for 
space application. When considered in the light of 
availability of payload and performance of present 
state-of-the-art boosters, the advantages of the 
packageability feature for minimum drag, and light- 
weight structural feature for maximum range, make 
this structural concept appear to have high potential 
for early success. 

Expandable structures, fabricated from woven 
flexible materials can now be constructed in any 
shape desired. Ordinarily an inflated structure 


Typical Shapes for Expandable Structures 
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takes the shape of a body of revolution. Modifica- 
tion of this shape was developed by introducing an 
internal member along the diameter of a cylinder 
and then by shortening this member, creating a 
two-lobed cylinder. When this is repeated in each 
of the lobes thus formed, the ultimate result is es- 
sentially two flat fabric surfaces connected by a 
series of vertical elements which can be pressurized 
to act as a structure. This construction is known as 
“Airmat” and can be woven as one integral piece 
of cloth. Various such structural shapes are shown 
in the illustration on the opposite page. The cross 
section of the Airmat can be varied by changing the 
gage blocks which regulate the depth of the Airmat 
on the loom. The original “Inflatoplane” wing was 
constructed of flat pieces of Airmat. However, a 
contoured NACA 0015 airfoil section is now main- 
tained on the loom. 

From a consideration of intended use and operat- 
ing environment, the requirements of materials for 
space can be subdivided into three categories: (1) 
Manned orbital operation, (2) unmanned orbital 
operation, and (3) re-entry. Manned orbital flight 
in space stations requires high-strength materials 
because of the structural loads associated with a 
pressurized breathable atmosphere. Unmanned 
orbital operation requires lightweight, minimum- 
strength materials since the external applied loads 
will be small. Re-entry conditions dictate a material 
with the capability to resist the heat associated with 
this operation, while retaining sufficient strength for 
satisfactory functional performance. 

In view of these general requirements, Goodyear 
conducted, under NASA contract, design and stress 
analyses and development tests on cord-type mate- 
rials for an interrupted-torus space station concept. 
Methods of fabrication and packaging were studied 
to simplify design and minimize weight. Butyl and 
neoprene elastomers used with nylon are presently 
being considered as adequate materials based on 
high-vacuum and ultraviolet test data and fabrica- 
tion requirements. 

A three-ply, nylon-neoprene cord fabric of 0.79- 
lb/ft? weight possessed strength characterestics 
above 2000 Ib/in. A cord-type fabric was designed 
to develop full-strength characteristics of the yarns 
in the meridional direction where maximum stress 
occurs. The bias plies were used to supply struc- 
tural rigidity in addition to improved strength for 
the fabric. The illustration at the top here shows 
two representative GAC concepts based on the 
latest design information. 

Continuous torus and C-annular torus configura- 
tions were generally 20 to 40 ft in diam with about 
a 7- to 10-ft cross-section diameter. Working 
pressures of 7 to 10 psi were considered adequate. 
High-altitude balloon tests have been considered 
for the C-annular con- (CONTINUED ON PAGE 92) 


Illustrations and models depict important 
areas of current study with expandable struc- 
tures: Top, manned space stations, annu- 
lar and C-annular designs; middle, the re- 
entry glider (shown packaged in the inset); 
and bottom, solar concentrators, here repre- 
sented by a sequence showing expansion. 
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Reinforced carbonaceous materials 


They offer one means of extending the performance of state-of- 


the-art reinforced plastics above the 1000-F level—perhaps 


to 5000 F—into the useful range for glide re-entry vehicles 


By Brennan A. Forcht and Milton J. Rudick 


CHANCE VOUGHT CORP., ASTRONAUTICS DIV., DALLAS, TEX. 


Forcht Rudick 


Brennan A. Forcht has since 195i 
worked on structural materials at Chance 
Vought. Now supervisor of its materials 
development group, he has responsibility 
for Vought Astronautics materials pro- 
grams. He has an M.S. in chemical en- 
gineering from Rensselaer Polytechnic 
Institute and a B.S. in chemical engi- 
neering from Brooklyn Polytechnic In- 
stitute. 


Milton J. Rudick joined Chance Vought 
in 1944, and served as supervisor of its 
structures materials group and chief of 
its structures test laboratory before his 
present assignment as chief of the Space 
Technology Section of its Astronautics 
Div. He was a member of the NACA 
subcommittee on materials, is now a 
member of the AIA aircraft research 
and testing committee and a member 
of the NAS Materials Advisory Board. 
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HE aerospace-vehicle designer is searching for efficient, reliable 
Bisa sceistant materials to solve an array of thermal problems 
with rocket nozzles, nose cones, leading edges, structural panels, 
and nuclear-engine components. Possible solutions have involved 
materials ranging from low-temperature-resistant thermoplastics 
to the refractory metal alloys, graphite, ceramics, and cermets. 
Various systems have been devised to avoid high-temperature 
design problems by literally carrying the heat away as rapidly as 
it enters the structure. 

For the special case of glide re-entry vehicles, which are ex- 
posed for a relatively long time to a high-temperature environ- 
ment, requirements for a lightweight, thin-gauge outer heat 
shield are now being met by refractory metals. These are heavy, 
costly, relatively difficult to fabricate, and, at present, not readily 
available in desired gauges and sheet sizes. 

One approach to an effective thermal barrier for re-entry 
vehicles is through organic plastics. These materials, backed by 
a long history of airframe design and field experience, in con- 
trast to their refractory relatives, lend themselves readily to com- 
plex component fabrication. Organic plastics at the present state 
of development have usable strengths up to about 700 F, with 
some extension to 1000 F when exposure times of 1 to 2 min exist. 
By ablating, these materials can cope with the high surface tem- 
peratures generated during re-entry. 

It has been observed that organic plastics, such as the phe- 
nolics, which tend to char at the ablating surface, perform sig- 
nificantly better when exposed to extreme heat sources than those 
such as Teflon which act as pure sublimators. A logical explana- 
tion for this superiority lies in the fact that the char-forming 
plastics not only incorporate the principles of cooling by ablation 
but also back-radiation. In addition, the char layer serves further 
as a fractionator of the distillate products of the subsurface virgin- 
plastic material. This latter capability permits a large volume of 
low-molecular-weight gases to be made available at the surface 
for blocking convective heat transfer. 

The effectiveness of the char in providing these desirable fea- 
tures depends on its structure and also on the length of time that 
it is structurally attached to the base plastic system during the 
ablating process. As known today, char-forming organic-plastic- 
based material systems are seriously deficient with respect to both 


These photos of a fiberglas honey- 
comb structure and a nozzle insert 
before and after thermal conver- 
sion (“before’s” at left) illustrate 
findings that, under controlled con- 
ditions, the resin component of a 
laminated solid can be carbonized 
yet the resulting body retain its 
original volume and shape and 
much of its original mechanical 
strength. 


of these areas. Initially, with present systems, the 
char formed is uniform and continuous in nature. 
However, with increasing exposure time the char 
layer thickens, becoming dense on the outer sur- 
face and becoming highly porous in the region ad- 
jacent to the virgin-plastic layer. 

Eventually the outer layer is not sufficiently per- 
meable to permit transmission of the gases pro- 
duced, and a separation occurs in the structurally 
weak porous strata of the char layer. The resultant 
change in aerodynamic configuration continues until 
either the mission is accomplished or the material 
has completely disintegrated. Thus it is evident 
that in order to provide a highly effective thermal 
shield of constant aerodynamic configuration, a 
structural char of uniform porosity is desired. 

Reinforced carbonaceous material systems pre- 
sent an approach for developing the desirable struc- 
tural char layer of uniform porosity as well as a 
lightweight, thin-gauge heat-resistant sheet. 

I. E. Harder and J. D. Culp of Chance Vought 
prepared reinforced carbonaceous materials by re- 
duction of the organic portion of a fiberglas-resin 
laminate. The resin was thermally decomposed, 


leaving a carbon residue which held the fiberglas 
laminate in its original shape. Additional studies, 


which will be described shortly here, have revealed 
that under controlled conditions the resin compo- 
nent of a laminated solid can be carbonized and 
still retain its binder function. The resultant rein- 
forced carbon bodies have essentially the same 
volume and configuration of the original unreduced 
body, as indicated in the photos shown above, and 
a substantial part of its original mechanical strength. 

Two primary components of reinforced carbo- 
naceous materials influence the properties of the 
basic product: The resin binder, and the comple- 
mentary reinforcement agent utilized. 

In an early Chance Vought study it was pointed 
out that the resin, after transformation, should pro- 
vide, among others, the following desirable fea- 
tures: 

High carbon residue for structural binding. 

High strength for load transmission. 

High available porosity for subsequent process- 
ing, gas-producing impregnants, and oxidation pro- 
tection. 

Volume stability for compatibility with reinforce- 
ment and over-all dimensional control. 

It can be seen, then, that in selecting resins suit- 
able for thermal decomposition careful considera- 
tion must be given to fac- (CONTINUED ON PAGE 88) 
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New shapes for glass fibers 


Low density without loss in strength, with more versatile form— 


the hollow glass fiber in reinforced-plastic composites shows 


promise of meeting these new goals for space-vehicle structures 


By Irving J. Gruntfest and Norris F. Dow 


GE MISSILE AND SPACE VEHICLE DEPT., PHILADELPHIA, PA. 


Gruntfest Dow 


I. J. Gruntfest is a consulting chemist to 
GE’s Missile and Space Vehicle Dept., 
specializing in the application of modern 
physical chemistry to the solution of 
problems in plastics technology. Be- 
tween 1941, when he received a Ph.D. 
in physical chemistry at Cornell Univ., 
and 1956, Dr. Gruntfest held research 
positions with Bell Labs and Rohm and 
Haas and worked on polymers, resins, 
and plastics. He is currently the chair- 
man of the NAS Materials Advisory 
Board’s research and testing panel on 
plasma phenomena. 


Norris F. Dow is an engineering consult- 
ant to GE’s Missile and Space Vehicle 
Dept. on heat-protection systems, ma- 
terials, and structures for advanced de- 
sign of re-entry and space vehicles. 
Upon receiving a degree from Brown 
Univ. in aeronautical engineering in 
1939, he joined the Langley Structures 
Research Div., where as head of the Air- 
frame Components Branch he was re- 
sponsible for the preliminary feasibility 
study and design of the structure for the 
X-15, as well as conducting a variety of 
research on materials and_ structures. 
Recently he has been a member of the 
NAS and NASA research advisory com- 
mittees on missile and space-vehicle struc- 
tures. 
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Ww only a few elaborately engineered items are to be 
manufactured, as is often the case with missiles and space 
vehicles, high material costs may be easily lost in the design cost. 
Furthermore, even if large numbers of items are planned, the 
cost of accelerating these to high velocities allows the use of ex- 
pensive materials if weight can be saved. Particularly, since cost 
has had a profound influence on the development of plastics, is it 
appropriate to reconsider the state of the art of structural plastics 
for flight applications, to determine whether further progress will 
be rapid and fruitful, and whether there are some new directions 
for possible improvements. 

Many types of flight structures have already capitalized on the 
characteristics of plastics. It may be recalled that the first im- 
portant structural products made from glass-reinforced plastics 
were radomes during World War II. The selection of the ma- 
terial in this case was dictated not by its mechanical, but by its 
electrical properties. In a similar negative fashion, from the point 
of view of utilizing favorable structural strengths, the fabrica- 
tion of a reinforced-plastic wing for an airplane was undertaken 


Measured Tensile Strengths 
of High-Performance Structural Materials 


Density Strength $/D Ratio 
Material (tb/cu in.) (psi) (in. x 107°) 

Glass-reinforced Plastic 

Type 14 0.065 250 ,000 3.85 

Type 2> 230,000 

Type 3° _ 135,000 2.08 
Steel4 0.282 300 ,000 1.06 
Titanium Alloy B-120 VCA® O175 257 ,000 1.47 
Aluminum Alloy 7075-16! 0.101 83,000 0.82 


(a) Unidirectional web impregnated at spin bushing (Materials and Processes Inc.). 
(b) Unidirectional filament wound (Owens-Corning Fiberglas Corp.). 

(c) Bidirectional filament wound (Owens-Corning Fiberglas Corp.). 

(d) Highest values in 1959-60. 

(e) Highest value in Crucible Steel circular. 

(f) Highest value in Alcoa aluminum handbook. 


© 
Wa 
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Hollow-fiber reinforced plastic, shown in cross section, magnified about 800 times, advances toward new goals of 
low density, high compressive strength, and versatile form for composites, which are already prominent in space- 


vehicle construction. 


in 1952 to avoid the use of strategic material. (The 
plastic wing was reported to be lighter and no more 
costly than the metal structure it replaced.) Missile 
and space-vehicle structures designed for tensile 
loadings, on the other hand, have used plastics just 
because of the weight advantage associated with 
the high specific strengths. Good examples of these 
structures are the filament-wound rocket-motor cases 
for the Minuteman missile’s third and fourth stages. 


Weight for weight, reinforced plastics are now 
recognized as stronger than any other structural 
material for many applications. The basis for this 
can be seen in part from the table on the opposite 
page which summarizes currently available tensile 
strengths of plastics as compared with metals. Not 
only is the strength-to-weight ratio of the plastic 
highest, but even more significantly the density is 
the lowest. (CONTINUED ON PAGE 80) 
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Tungsten-base composites 


Now tested in both the laborafory and the field, these com- 


posites show promise as a high-performance nozzle material 


By Samuel R. Maloof 


AVCO RESEARCH AND ADVANCED DEVELOPMENT DIV., WILMINGTON, MASS. 


Samuel R. Maloof, a principal scien- 
tist in Avco RAD’s Materials Dept, 
is now on leave at MIT, where he is 
conducting research with E. Orowan 
on brittle-fracture phenomena in tung- 
sten. With Avco since 1958, his back- 
ground includes a Ph.D. in metallurgy 
from Pennsylvania State Univ. in 
1949, supervision of groups doing re- 
search on materials for nuclear and 
thermionic applications at Raytheon 
and Nuclear Metals Inc., and direction 
of the Avco RAD’s metal-processing 
group, where he was responsible for 
the development and fabrication of 
refractory metal-base composites for 
high-temperature applications. Dr. 
Maloof has authored several papers 
on the use of X-ray diffraction and 
electron microscopy in metallurgical 
research and has done work on the 
deformation and fracture of beryllium 
and tungsten. 
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ines TREND has been toward higher and higher combustion tempera- 
tures in rocket motors. Keeping rocket-nozzle technology up with 
this trend has become an important challenge to the materials and 
structures engineer. 

Consider, for example, pure tungsten, one of the most reliable 
high-performance nozzle materials evaluated to date. The pure 
metal has a melting point (6170 F) lower than that of some of the 
more refractory carbides and pure graphite. It is limited to applica- 
tions where exhaust gases in contact with it do not exceed about 
5600 F in temperature. 

We will need materials with properties better than this admirable 
metal has to offer in the future. For some time now Avco has recog- 
nized this and has had in development tungsten-base composites 
capable of operating under gas temperatures above the melting 
point of pure tungsten. These composites are already being 
marketed under the trademark “Avcomet” (patent applied for). 
The proprietary nature of this brand of composites prevents us from 
discussing microstructural detail, composition, and methods of 
fabrication. But we can look at the performance of Avcomet as 
indicative of approaches being taken to nozzle technology and of 
the state of the art in an important area of (CONTINUED ON PAGE 56) 


Photos show results of subjecting pure tungsten and Avcomet-l speci- 
mens to a nitrogen-stabilized 500-kw arc. Tungsten is at the left in both 
photos. Left photo shows specimens after a 60-sec run with gas enthalpy 
(H/RT,) of 100 and heat flux of 750-Btu/ft?/sec; right photo, tungsten 
after 30 sec and Avcomet-1 after 60 sec in arc with enthalpy of 200 and 
flux of 1280 Btu/ft?/sec. 


#z 4 


Part 1—Feasibility 


Deep-space communications 


On the point of burgeoning, U.S. missions into deep space 


will pay off in direct proportion to skill in communications 


engineering ... Studies have made feasible approaches clear 


By Eberhardt Rechtin 


NASA JET PROPULSION LABORATORY, PASADENA, CALIF. 


Eberhardt Rechtin is director of the 
NASA Deep Space Instrumentation 
Facility, with headquarters at the Jet 
Propulsion Laboratory of CalTech, 
and in recent years he has headed the 
JPL Communications Div. and Guid- 
ance Div. Since his association with 
JPL began more than a decade ago, 
when he received a Ph.D. in electri- 
cal engineering form CalTech, Dr. 
Rechtin has made important contri- 
butions in the fields of radio-propaga- 
tion, noise and filter theory, missile 
guidance, secure-communication sys- 
tems, and countermeasures. He has 
been responsible for directing much 
of the JPL effort in space communi- 
cations and tracking, including the 
design and development of the Micro- 
lock system for Explorer satellites and 
the Trace system for Pioneer IV. A 
senior member of many societies in- 
cluding ARS, Dr. Rechtin received 
the Westinghouse Science Talent 
Award in 1943, was a Cole Fellow in 
1947, and a National Science Fellow 
in 1948. 


JH ct auality communications between earth stations and probes 
exploring the moon, the nearby planets, and interplanetary 
space is quite practical and, although it will require engineering of 
high order, it does not require breakthroughs or the discovery of 
new principles. As a matter of fact, usable communications to the 
edge of the solar system is essentially within the state of the art. 
Communications to probes well outside the solar system is presently 
impractical. On the other hand, much the same statements can be 
made about the practicality of such far-ranging probes themselves. 

Space communications almost always involves line-of-sight trans- 
mission—transmission in which the transmitter and receiver have a 
clear view of each other. It is certainly possible to envision situa- 
tions in which this is not the case, but most such situations can be 
solved using a radio-relay spacecraft which is simultaneously in 
line of sight to the earth and to the obscured probe. Alternatively, 
data can be stored during obscured periods for later transmission in 
the clear. To prevent the rotation of the earth from interrupting 
communications, a network has been established of three stations 
located about 120 deg apart in longitude—in California, Australia, 
and South Africa. These three comprise the basic elements of the 
NASA Deep Space Instrumentation Facility. 

The essence of quality deep-space communications is reliability 
and efficiency. Reliability is particularly difficult to achieve in 
deep-space missions because of the very long flight times of the 
probes in a largely unknown environment. Efficiency can be 
achieved in the probe by the use of efficient transmitters and re- 
ceivers, of course, but far more by the use of directional antennas. 
Directional spacecraft antennas require attitude-stabilized space- 
craft—which certainly does not simplify the reliability problem. 
Such stabilization is also needed for a host of other functions, in- 
cluding guidance, surveillance, and maneuvers. 

The attitude-stabilized spacecraft, shortly to appear on the scene 
in the NASA Ranger series, unquestionably spells the difference be- 
tween obtaining quantities of interesting information about the 
planets and obtaining so little data that the desirability of even 
attempting planetary exploration might be questioned. 

Efficiency of reception at the earth stations will give a direct 
payoff. It really pays to use fine antennas, very sensitive receivers, 
and other ground equipment of high quality (CONTINUED ON PAGE 42) 
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Lithium and sodium 
for underwater propulsion 


The necessary high performance for certain underwater vehicles 


can come from these powerful water-reactive metals used as fuel 


By W. D. White 


U.S. NAVAL ORDNANCE TEST STATION (NoTs), PASADENA, CALIF. 


W. D. White is head of the Thermo- 
dynamics Branch in the Propulsion 
Div. of the Underwater Ordnance 
Dept. at the Pasadena Annex of the 
U.S. Naval Ordnance Test Station. 
Coming to NOTS in 1948, upon gradu- 
ating from Ohio Univ. with a B.S. in 
chemistry, he has since been engaged 
in research on water-reactive and 
other high-energy propellants and on 
the design and development of com- 
bustion systems for advanced under. 
water propulsion. 
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oun the designers of powerplants for underwater propul- 
sion have considered the sea as an alien environment. An essen- 
tially impervious shell surrounds the various components of these 
powerplants, and everything needed for their operation is installed 
before these small preserves of atmospheric conditions are sealed up 
and sent on their way. There are many similarities between this 
concept and the rocket-propelled vehicles which are designed for 
operation in the alien environment of extremely high altitudes or 
interplanetary space. However, we all know that rockets are not 
the most efficient way of propelling a vehicle through the atmos- 
phere, since a great deal of space and weight can be saved by induct- 
ing the surrounding air to react with a relatively small amount of 
fuel carried in the vehicle. 

The use of water-reactive fuels for underwater propulsion alters 
the design concept; from an alien environment which must be sealed 
out, the sea turns into a co-propellant which is taken in and utilized 
in much the same manner as the atmosphere is used by an air- 
breathing engine. This concept is not entirely new, because as early 
as 1865, Jules Verne, in his famous novel “20,000 Leagues Under the 
Sea,” referred rather nebulously to the use of sodium as the fuel 
which powered his fictional submarine Nautilus. 

A more up-to-date program on water-reactive fuels, however, has 
been conducted at the Pasadena Annex of the U.S. Naval Ordnance 
Test Station by members of its Propulsion Div. under the direction of 
R. C. Brunfield. This work, summarized here, was aimed at develop- 
ing ways and means of handling and reacting molten sodium and 
lithium with sea water to produce a working fluid of high tempera- 
ture and pressure which could drive a gas turbine for underwater 
propulsion. 

The program began with certain theoretical considerations. 
Sodium metal melts at 98 C and reacts violently with water even at 
room temperature. Lithium metal melts at 186 C and reacts 
quietly with water at room temperature. Although molten lithium 
reacts rapidly with water, it is much less reactive than molten sodium 
under the same conditions. 

Thermodynamic calculations were made by J. M. Carter, L. R. 
Rapp, and myself on the reactions of these metals with water and the 
effect of the excess water added to lower the flame temperature and 
increase the gas content of the working fluid, using the following 


general equations: 
+ (n+ 2) > 2NaOH + + 
+ (n+ 2) 2LiOHw) + Hog) + 


The first graph on page 78 illustrates the combustion tempera- ‘: 
ture (T.) calculated for various weight ratios of water to lithium, 4 
and the temperature after expanding the reaction products from 300 3 
psia to atmospheric pressure (Tz). The horizontal portions of the 
curves indicate the regions where an equilibrium exists between two 
different forms of the reaction products. For instance, the plateau 
in each curve near a mixture ratio of 4 to 5 indicates the equilibrium 


between lithium oxide and lithium hydroxide. The small flats at . 
mixture of 8 and 10 reflect the melting point of lithium hydroxide 
(735 K). At mixture ratios higher than 12 or 13 the generated heat 4 


is insufficient to vaporize all the excess water, and an equilibrium 

exists between steam and liquid water in the reaction products. ; 
The next graph, at right of the first, gives the performance param- Be 

eters calculated from the enthalpy drop between the temperature . 

shown in the first graph. It is interesting to note that the maximum 

specific energy (E,,) is obtained at a fairly high mixture ratio of : 

about 9 lb of water per pound of lithium, corresponding to a com- ” 


bustion temperature of about 850 K (1070 F). (Specific energy is a . 
very convenient parameter derived early in this program. It repre- 4 
sents the kinetic energy available in a jet, expressed as horsepower- a 


seconds per pound of water-reactive fuel, and also gives directly : 
the horsepower which would theoretically be produced by a one- o 
pound-per-second flow rate of fuel.) The reason for this is, of 
course, that only the weight of lithium is taken into account, plus the 
fact that the amount of gas produced per (CONTINUED ON PAGE 78) 


An NOTS underwater test vehicle for evaluating propulsion systems 
such as the one discussed here. Right, the vehicle in action. 
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Space Flight Report to the Nation Interim Report 


Industry response builds SFRN 


Already exhibitor response assures that the SFRN will double, 


and perhaps quadruple, the scope of any ARS meeting yet held 


ESERVATIONS have now been made for more than 
R half of the exhibit space at the AMERICAN 
Rocket Society's SPACE FLIGHT REPORT TO 
THE NATION, to be held in the N.Y. Coliseum, 
October 9-15, this year. 

Initia] exhibitor response guarantees that the 
meeting will be twice the size of the biggest previous 
annual meeting—the one in Washington, D.C., last 
year—and if all the exhibit space is taken, it will be 
four times as large as any previous meeting. 

At present 104 exhibitors have made commit- 
ments, taking 57% of the available exhibit space. 
Of these exhibitors there will be 25 who have never 
before participated in an ARS exhibit. Last year’s 
annual meeting in Washington had the largest pre- 
vious number of exhibitors—63 in all. 

A big factor in the popularity of this year’s meet- 
ing has been the innovation called “exhibiting in 
depth.” This type of exhibiting provides space on 


both sides of an aisle, allowing spectators to walk 
through an exhibit rather than just pass by it. Over 
60% of these booths have already been reserved 
by a total of 32 companies. 

Three floors of the Coliseum will be utilized for 
exhibit space. The entire second floor of the Coli- 
seum has already been reserved. This floor, with 
the exception of the perimeter booths, will be com- 
prised entirely of island booths. Island display 
limits the total number of booths on the floor to 33, 
but allows the exhibitors to add depth and drama to 
displays. 

The three largest displays on the second floor will 
be a NASA-DOD exhibit, an ARS exhibit designed 
by Raymond Loewy, and a General Motors display. 
General Motors will occupy two of the islands and 
two of the perimeter booths, amounting to 264 
running feet and an area of 4000 net square feet. 
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ARS Space Flight Report to the Nation 


OCTOBER 9—15, 1961 
Application For Hotel Accommodations 


Please fill out this application form completely and mail it to: 


Miss Sylvia Peltonen, Secretary 
ARS Housing Committee 

90 East 42 Street 

New York 17, N. Y. 


HOTEL SINGLE DOUBLE TWIN BEDS HOTEL SINGLE DOUBLE TWIN BEDS 
ABBEY, PARK LANE, 
151 West 5ist St. 8.00- 9.00 10.50-12.50 12.50-14.50 299 Park Ave. 19.00 24.00 24.00 
*BARBIZON-PLAZA, “PARK-SHERATON, 
106 Central Pk. So. 13.50-15.50 17.50-21.50 7th Ave. & 55th St. 11.00-16.00 15.00-20.00 
*BARCLAY, *PIERRE, 
111 East 48th St. 15.50-21.50 23.50-27.50 2 East €lst St. 24.00-30.00 
*BELMONT PLAZA, *PLAZA, 
Lexington Ave. & 49th St. 8.50-16.00 14.00-19.00 16.00-20.00 Sth Ave. & 59th St. 23.00-30.00 
T } *ROOSEVELT, 
Madison Ave. & 45th St.  8.50-20.00 13.50-24.00 17.50-25.00 
Ave. & 42nd St. 8.50-16.50 14.00-20.50 15.00-23.00 Se. 
250 W. 43rd St. 9.00-12.00 12.00-15.00 13.00-17.00 *SAVOY HILTON, 
*EDISON, 5th Ave. & 58th St. 19.00 23.00 
228 W. 47th St. 8.00-11.00 13.00-18.00 15.00-21.00 *SHERATON-ATLANTIC, 
*ESSEX HOUSE, Broadway & 34th St. 9.00-14.00 13.00-17.00 14.00-18.00 
160 Central Park So. All Space Reserved “SUMMIT, 
*GOVERNOR CLINTON, Lexington & 5lst St. 14.00-30.00 16.00-32.00 18.00-34.00 
7th Ave. & ae St. 10.00-14.00 14.00-20.00 14.00-20.00 TAFT, 
*HENRY HU i 7th Ave. & 5Oth St. .7 
353 W. 57th St. 8.00-11.00 12.00-16.00 13.00-18.50 17.38 
Park Ave. & 34th St. 8.50-21.00 13.00-21.00 15.50-21.00 
301 Park Ave. 18.00-28.00 1 
8th Ave. & 44th St. 9.00-14.00 14.00-18.00 15.00-18.50 8.00-28.00 
*MAYFLOWER, *WARWICK, 
Central Pk. W. & 61st St. 12.00-16.00 14.00-17.50 Pan oR St. 18.00 22.00 
NEW YORKER, 
8th Ave. & 34th St. 8.00-14.50 11.50-18.00 15.50-20.00 7th Ave. & 55th St. 8.50-12.50 13.00-18.00 13.00-18.00 
PARAMOUNT WOODSTOCK, 
235 West 46th St. 8.00- 9.00 10.00-12.00 12.00-14.00 127 W. 43rd St. - 7.00- 9.00 10.00-14.00 10.00-14.00 
Rates subject to 5° New York City tax on hotel rooms. *Suites available. For reservations contact housing bureau. 


Hotel Accommodations Desired. (It is necessary that five choices of hotels be listed below:) 
TYPE OF ROOM DESIRED 


ICATE APPROXIMAT! ONE DOUBLE 
INDIC OXIMATE RATE AS SHOWN IN SCHEDULE SINGLE BED TWIN BEDS 


CHOICE HOTEL 1 PERSON 2 PERSONS 2 PERSONS 


1st 


2nd 


3rd 


4th 


5th 


If accommodations are not available at any of the above hotels, reservations will be made at some other suitable hotel. 


DATE ARRIVAE HOUR: DADE, DEPARTING... 


Pleas’ list names, affiliations and desired accommodations for additional persons on separate sheet and attach to this form. 


NOTE: There will be an interval of severa! weeks before you can expect to receive a direct confirmation from 
the hotel accepting your reservation. Room numbers cannot be assigned by hotels until guests register on arrival. 


MAKE YOUR RESERVATION NOW 
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Deep-Space Communications 
(CONTINUED FROM PAGE 37 ) 


so that design margins can be kept 
low. And stations are intentionally 
located in remote regions free from as 
much man-made interference as possi- 
ble. 

Assuming that the appropriate en- 
gineering is accomplished, we will 
obtain TV from the moon, high-speed 
facsimile (slow TV) from the nearby 
planets throughout their trips around 
the sun, and cosmic-ray counts from 
the edge of the solar system. 

In addition to the undeniable ad- 
vantage of line-of-sight transmission— 
an advantage which is denied most 
earth communications—the deep-space 
instrumentation specialist enjoys the 
advantage that his vehicles are almost 
always on undisturbed, Keplerian tra- 
jectories. This fact means that deep- 
space tracking can be accomplished 
with great resultant accuracy without 
requiring ultrarefined techniques. In- 
stead, using long integration times, 
general-purpose computers, sets of 
comparatively simple Doppler and 
range measurements taken at selected 
times, and readily available antennas, 
the designer can provide more than 
sufficient tracking. It is important 
that, in the list of techniques the track- 
ing designer exploits, precision angle 
tracking—that most difficult of tech- 
niques—is not necessary. Sufficient 
tracking accuracies for all intended 
space missions can be obtained with 
angular accuracies no better than a 
few hundredths to tenths of a degree. 

This discussion and one on design 
considerations to be presented in a 
following issue add substance to these 
admittedly qualitative statements. 


Antenna Considerations 


The ratio of received signal power, 
P,, to transmitted power, P,, is given 
by the following expression: 


P,/P, = A,A,/(dd)? = G.G,d2/ (4rd)? 
= G,A,/4rd? = (1) 


where A is the area of the appropriate 
antenna, G is the antenna gain, and d 
is the distance between transmitter 
and receiver. The question of which 
form of Equation (1) should be used 


depends on whether gain or area is 
the more significant parameter in a 
particular application. For example, 
au isotropic antenna is defined as hav- 
ing unity gain, which makes its effec- 
tive area a function of frequency. A 
parabola is better characterized by its 
effective area, which approximates its 
physical area; the gain of a parabola is 
therefore a function of frequency. 
Some of the appropriate relationships 
between effective gain and effective 
area are given in the table below. 
This table refers to antennas in nor- 
mal usage. If the various antennas 
are scaled appreciably larger or smaller 
than normal, these relationships no 
longer hold. If the area of a parabola 
is increased beyond normal size, trans- 
mission frequency remaining constant, 
a point will finally be realized where 
construction inaccuracies will make it 
impossible to use the complete physical 
area efficiently. Stated in different 
terms, if we attempt to make an an- 
tenna larger and larger, a point will 
be reached where it is no longer pos- 
sible to make the gain of the antenna 
any greater without enormously refin- 
ing the construction tolerances of the 
antenna. It can be shown that the 
degradation in effective gain (or area) 
due to surface irregularities, o, is given 


by 
A.sz/Ao=o G.57/Go =o 


The effect of such degradations is 
shown in the graph on page 44. An- 
tennas operated at or beyond the 
maximum gain point are said to be 
gain-limited. We might expect 
ground antennas, particularly, to be 
limited by this effect. 

If the space vehicle’s attitude can- 
not be controlled or if the vehicle’s 
antenna cannot be pointed accurately 
enough, the amount of possible vehicle 
antenna beaming is also limited. For 
example, if the vehicle tumbles and 
rolls violently, the antenna must radi- 
ate uniformly into space and hence G 
is close to unity. The early satellites 
were close to this category; that is, 
the vehicle antennas were  gain- 
limited. Within a very short time, 
however, space vehicles will be con- 
siderably different. Stabilization ac- 
curate to a few degrees will be 
achieved, making the use of antenna 


(2) 


Power Gain and Effective Area of Several Antennas 


Antenna Gain Effective Area 
Isotropic 1 
Infinitesimal dipole 15 1.52/43 
Half-wave dipole 1.64 1.65\2/47 
Optimum horn 10.0A/d2 0.81A 
Parabola or lens (6.3 to 7.5)A/d2 (0.5t00.6)A 
Broadside array ArrA/)?2 (maximum) A (maximum) 
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beamwidths of a few degrees possible. 
Such narrow beamwidths are pro- 
duced only by using significant an- 


tenna area. However, it is difficult to 
assemble large, accurate antennas, 
even in outer space. 

For some years to come it will not 
be possible to make space-vehicle an- 
tennas as large, as accurate, and as 
controllable as earthbound antennas. 
As a consequence, the vehicle an- 
tennas will be limited by sheer size— 
in other words, area-limited. In the 
early stages of space exploration, areas 
of tens of square meters may be 
achievable. In the more distant fu- 
ture, areas of several thousand squaré 
meters may be possible. Even such 
areas, however, are small compared 
with those of earthbound antennas. 

The appropriate forms for Equation 
(1) can therefore be written: 


Appropriate 
Application Form 
Space-to-earth G,A,/41d? 
Space-to-earth G,A,/4nd? 
Space-to-space A,A,/(A\d)? 


The Interference Problem 


If there were no interference of any 
kind, it would be possible to hear any 
transmitter at any distance by incor- 
porating sufficient amplification in the 
receiver. Unfortunately, interference 
is always present and strongly limits 
the usable range of communications. 
Interference enters the communica- 
tions system in several places: (1) In 
the transmitter, where it affects the 
stability and clarity of the signal in a 
spurious way; (2) in the transmitter- 
receiver space link, where its effective- 
ness depends on its intensity, direction 
of arrival, and spectral (frequency) 
characteristics; (3) in the input cir- 
cuitry of the receiver, where random 
motion of electrons produces noise de- 
pendent on the temperature of the 
circuitry and the amplifier bandwidth; 
and (4) signal-generating circuitry in 
the receiver, where its effects are sim- 
ilar to transmitter perturbations. In- 
terference entering on the link and 
interference generated in the receiver 
input circuitry are the most important 
of these possible sources. 

Every effort is made to avoid ex- 
ternal interference sources by locating 
the sensitive space-communications re- 
ceivers as far as possible from civiliza- 
tion. As for the few interfering signals 
that might still be present, either the 
receiver must be designed to handle 
them individually or the experimenter 
must be prepared to read through such 
interference in the process of data re- 
duction. 

External interference may be mini- 
mized by careful design of antennas 
(including antennas that can almost 
cancel point-source interference by 
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pointing an antenna pattern null in 
the appropriate direction), by choice 
of frequency, and by appropriate cod- 
ing of the transmission to make the 
signal distinctive. 

Internal interference is one of the 
fundamental limitations in any meas- 
urement system. It is true throughout 
the realm of physics that the final sen- 
sitivity of instruments is limited by 
random internal activity. This limita- 
tion can be illustrated by the human 
senses. Even for people with perfect 
hearing, the smallest sound that can 
be heard is limited by the sounds of 
blood coursing through the arteries in 
the head. The faintest light that can 
be seen is limited by the faint spots 
produced by the moving fluids of the 
eye. Both the ear and the eye are 
capable of great amplification of very 
weak signals; yet infinitesimal signals 
can be neither heard nor seen because 
of the limitations of internal interfer- 
ence. 

Exactly the same phenomenon oc- 
curs in radio receivers. In a conven- 
tional receiver, the principal source of 
internal interference is noise produced 
by the random motion of electrons in 
the input circuitry. Because conven- 
tional amplification at radio frequen- 
cies is achieved using vacuum tubes, 
whose basic principle is the violent ex- 
citation of electrons, the amount of 
noise activity at the receiver inputs 
may be 20 times as great as might be 
expected from the motion of electrons 
at ambient temperature. 

It can be shown that the noise 
power produced in a bandwidth Af 
is proportional to the temperature of 
the circuitry. In equation form, 


P, = kTAf watts (3) 


where P,, = noise power, watts; k = 
Boltzmann’s constant = 1.38 « 10-23 
w-sec/K; T = absolute temperature, 
K; and Af = bandwidth, cps. Two 
ways of minimizing this source of 
interference are evident: Reducing T 
and reducing Af. 

Reduction of P, by reducing Af is 
limited by the desired rate of informa- 
tion flow. If the bandwidth is ex- 
tremely small, information rate is very 
low. In normal, real-time usage, tele- 
type requires approximately 100 cps, 
voice requires about 3000 cps, and 
television requires about 3  10® cps. 
It is therefore difficult to reduce Af 
without reducing the usefulness of the 
radio link itself. 

The temperature T is thus a criti- 
cal factor in determining the feasibility 
of space communications. It has also 
a most significant relationship to the 
equivalent temperature of receivers, of 
the earth in the vicinity of the ground 
receiving antenna, of the atmosphere 
through which the radiation passes, 
and of the galaxy. The temperature T 


44 Astronautics / April 1961 


to be used in Equation (3) is the 
weighted sum of all the different 
source temperatures, where the weight- 
ing factors depend upon how the 
source is “seen” by the receiving an- 
tenna. If the source is internal to the 
receiver or uniformly surrounds the 
receiving antennas, the weighting fac- 
tor is unity. If the source occupies 
only a fraction of the surroundings, its 
weighting factor depends upon its size 
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and upon its location in the antenna 
pattern. By definition, the maximum 
weighting factor for any source is 
unity. The weighted temperature 
AT (the change in T produced by an 
external source) is given by 


AT = S ST (4) 


where ¢ and @ are angular coordinates 
and where both the source temperature 
T, and the gain G are functions of 
these coordinates. 


Conventional receivers generate a 
considerable amount of internal noise, 
noise which has an equivalent tem- 
perature of about 2000 K. Parametric- 
amplifier receivers have an equivalent 
temperature of about 100 K; masers 
have an equivalent temperature of 
about 10 K. Noise external to the re- 
ceiver has a temperature which is a 
strong function of frequency, as indi- 
cated in the second graph here. Not 
shown there is one further external 
source of noise, the black-body radia- 
tion of the earth. This source is rela- 
tively constant with frequency. The 
amount of noise from this source which 
enters the receiver is a function of the 
sidelobe level of the receiving antenna 
(assuming that the main beam is not 
pointed even partially into the 
ground). Antennas whose sidelobe 
levels are low accept much less of this 
noise than antennas whose sidelobe 
levels are high. The former antennas 
are called low-temperature antennas, 
and are characterized by equivalent 
temperatures of from 10 to 20 K. (A 
typical well-made parabola and feed 
has a temperature of about 100 K.) 
Including the antenna and the maser 
receiver together, receiver-antenna 
systems of 30 K temperature are per- 
haps achievable in the future, whereas 
systems of just a few years ago were 
capable of little less than 2000 K. 

The total noise power in the link is 
the sum of the external noise described 
in the second graph here and the re- 
ceiver-antenna system noise. Two 
cases are illustrated in the graph on 
page 46, the first case using a con- 
ventional 2000 K receiving system. 
The over-all effects of the use of 
masers are to encourage the use of 
higher frequencies and to discourage 
pointing the ground antenna within 10 
deg of the horizon. 

Atmospheric noise increases signifi- 
cantly as the antenna points closer to 
the horizon (more of the atmosphere 
traversed), an effect much more im- 
portant for a maser system than for the 
earlier 2000 K system. In addition, 
as the antenna points closer to the 
horizon, the first sidelobes intercept 
the black-body radiation from the 
earth and contribute a further increase 
(50 K \anticipated). Consequently, 
space cOmmunications near the hori- 
zon will be degraded, relative to com- 
munications above a 10-deg elevation 
angle, by as much as 6 db for maser 
systems. The consequences are not 
serious for deep-space probes, inas- 
much as the total time during which 
the communications are degraded is 
comparatively small. The  conse- 
quences for low-altitude-satellite com- 
munications are much more serious 
because the satellites spend propor- 
tionately more time near the horizon. 

A further source of external noise 
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At best, an anti-missile defense will 
have only a few minutes to react 
...and no “second barrel”’ to fire at 
its supersonic target. 

Nike Zeus needs none. Tests of 
this new anti-missile missile show 
that it will attack enemy ICBM’s 
with 100% accuracy at a distant 
interception point. There its nuclear 
warhead will be detonated to blanket 


With its tremendous thrust, Zeus can intercept attacking 


missiles far from the area it defends 


Army’s Zeus is designed for a hit every time 
on supersonic bull’s-eyes! 


the approaching ICBM with an 
explosive curtain. 

The newest member of the famous 
Douglas Nike family, Zeus was de- 
veloped in a joint Western Electric, 
Bell Telephone, Douglas Aircraft 
project for the Army. Its design 
combines the most successful les- 
sons learned from Ajax and Hercules 
—Nike Zeus predecessors that are 


on duty around many important 
U.S. cities and industrial centers 
and with NATO forces overseas. 


DOUGLAS 


MISSILE AND SPACE SYSTEMS e ANTI- 
SUBMARINE SYSTEMS @ MILITARY AIRCRAFT @ 
DC-8 JETLINERS © TRANSPORT AIRCRAFT @ 
AIRCOMB® e GROUND SUPPORT EQUIPMENT 
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is the noise from the sun, the moon, 
and the planets. Of these sources, the 
sun is by far the strongest, and the 
space communicator’s only hope is to 
avoid it whenever possible. Avoiding 
the sun with a maser receiver (equiv- 
alent temperature of 30 K) generally 
means pointing the antenna sufficiently 
far away in angle so that neither the 
main beam nor the first sidelobes inter- 
cept the sun. If the main beam of the 
antenna were pointed directly at the 
sun and if the beamwidth of the an- 
tenna agreed with the angular diam- 
eter of the sun (015 deg), then the 
temperature would be 300,000 K at 
500 mc, decreasing to 30,000 K at 
5000 mc (see the appended list of 
references). If the sun were in the 
first sidelobes of a typical antenna, the 
respective temperatures would be 
1000 and 100 K. Therefore, when- 
ever the direction of the probe from 
the earth is within about 5 deg of the 
sun, space communications with 
masers will be seriously degraded. 
The noise temperature of the moon 
is between 200 and 300 K; but the 
moon presents a different problem, be- 
cause to accomplish communications 
with a lunar probe (orbital or landing) 
the antenna perforce must look 
directly at the moon. With ground 
antennas of the gains discussed earlier, 
the width of the main beam is com- 
parable to the angular diameter of the 
moon. Consequently, the contribu- 
tion of the moon’s temperature (about 
300 K) to the system temperature de- 
pends upon the ratio of the angular 
diameter of the moon (0.5 deg) to the 
beamwidth of the antenna (A6@ deg to 


3 db points). Assuming that the moon 
is in the center of the beam, the tem- 
perature increment is 


AT = 75/(A0)? = 2.8 X 10-°Gnaz 
providing A@ lies between 0.5 and 
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20 deg (gains between 10? and 10°). 
For smaller beamwidths (higher 
gains), the temperature is given by 
the temperature of the moon. 

Planetary temperatures in the fre- 
quencies of interest are all less than 
1000 K. More important, the angular 
diameters of the planets are so small 
that the average temperature within 
the main beam is low. The apparent 
temperatures of Venus and Mars, for 
example, are the following: 


Source Apparent 
Planet Temp K Temperature 
Venus 650 less than 0 .26/(A@)? or 
Mars 300 less 


than 0.75 x 
10-2/(A0)? or 3 X 
107G 


where Aé@ and G are the antenna beam- 
width and maximum gain, respectively. 

The range at which communication 
is feasible depends on the ratio of 
received power, P,, to interference 
power in the information bandwidth 
Af. A ratio of unity is defined as 
“threshold reception.” A ratio of 10 
is noisy but usable. The threshold 
reception range for space-earth com- 
munication (the weakest link in an 
earth-space-earth system) is given by 


d = (5) 


The usable range is approximately 
one-third ‘of this value. Generally 
speaking, immediately available elec- 
tronics limit two-way space communi- 
cation to within the solar system (101° 
mi). The nearest star is 101* mi away. 
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28, 1952. (NRL Report No. 4043). o¢ 


Rendezvous in Space 
(CONTINUED FROM PAGE 22) 


clear machine), two liquids would 
have to be transferred, with a probable 
tripling or quadrupling of the difficul- 
ties. Pressurizing gases might have to 
be replenished in a similar manner, 
which would mean the use of high- 
pressure couplings. 

It may be argued that, if we are 
smart enough to establish a rendez- 
vous technique, we are smart enough 
to design and fabricate such mechani- 
cal devices. A review of our missile 
problems seems to show that it is these 
mundane mechanical things that muck 
up the picture, rather than the grander 
and more glorious concepts of ad- 
vanced guidance systems, radars, great 
structures, and very cunning materials. 

It is most expensive in terms of pro- 
pulsion to play a hide-and-seek game 
in space; a rendezvous should be es- 
tablished with the least expenditure of 
energy. This requires sophisticated 
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ground tracking, with the ephemeris 
of the “working” satellite accurately 
established and the “seeker” satellite 
fired at a propitious launch time with 
proper guidance and control to effect 
a minimum transit time. It is possible, 
of course, to carry the optimum launch 
time and minimum trajectory idea too 
far and place an undue strain on the 
ground-support and the guidance and 
tracking systems. 

The question of guidance of the as- 
cending vehicle for purposes of ren- 
dezvous is perhaps the overriding one. 
Various articles, indicated in the ap- 
pended references, have been written 
showing schemes for ascent “rendez- 
vous guidance,” ballistics or missile 
type of homing guidance, and varia- 
tions of such schemes. It is certain 


that the guidance system must fall into 
two major phases, the first being the 
proper launch time and trajectory in 
relation to the existing satellites, and 
the second being the homing guidance 
to be applied during the latter part of 


the rendezvous undertaking. It is 
certain that with “operational” launch 
vehicles (it is assumed that a rendez- 
vous technique is applied only when 
reliable operational vehicles are at 
hand), the initial guidance conditions 
can be met fairly easily. Obviously, 
the more precise the launch trajectory, 
the less exacting is the demand on the 
closure or homing guidance system. 
This would be followed, in turn, by 
a lesser demand on the terminal pro- 
pulsion system. The rendezvous ve- 
hicle should preferably be in a flight 
path that is in the same plane as the 
satellite to be refueled. It would also 
be desirable to have rendezvous ef- 
fected with a vehicle that is in a 
circular orbit. Some authors have 
suggested that with the proper guid- 
ance techniques the vehicles need not 
be in co-planar orbits nor need they 
be in precise circular orbits. How- 
ever, if a guidance system accurate 
enough for a rendezvous can be de- 
veloped, surely precise circular orbits. 
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can be established as well as co-planar 
orbits. 

An interesting question arises as to 
whether the ascending vehicle alone 
or both vehicles should be under 
ground control, and during what phase 
of the maneuver. While an inertial 
guidance system with its great ac- 
curacy could launch the ascending ve- 
hicle to a very precise point in space 
and a very precise orbit, there is little 
doubt that the later phase of the guid- 
ance requirements for closure-rate con- 
trol will demand either a form of feed- 
back intelligence from the ground, or, 
preferably, intelligence from the exist- 
ing orbiter. As the two vehicles draw 
closer, guidance and closure informa- 
tion can be obtained by Doppler radar 
or similar schemes; infrared or other 
optical controllers may be developed 
that will give the requisite accuracy 
during the last 1000 ft or so of the 
rendezvous maneuver. 

The guidance requirements for a 
friendly rendezvous are simpler than 
those needed for some such military 
purpose as intercepting a “dark” satel- 
lite or “unfriendly” satellite. The or- 
biting “passive” satellite can carry 
homing or beacon equipment that 
would considerably ease the task of 
location by the transfer vehicle. In- 
deed, there is little doubt that the 
present state of the art would permit 
an immediate initiation of rendezvous 
projects if homing guidance alone were 
the major technical consideration. 

It is the maneuvering during the 
last portion of the maneuver, say about 
1000-2000 ft, that will place the great- 
est technical strain on the situation. 
Every slight change in velocity by 
either the passive orbiter or the trans- 
fer vehicle will mean small changes 
in the orbits, either one or both, and 
even changes in attitude can have an 
effect. The closure rate must be such 
that no undue momentum is built up. 
The final contact must be feather-like. 
During one of the flights of Vanguard, 
there was an unwanted rendezvous, 
in that the last stage “burped” or 
“puffed” after burnout and bounced 
against the previously separated satel- 
lite. This did not benefit that latter 
device. 

It is a considerable act of technical 
faith to presume that orbital coupling 
must, or should, be done in one pass 
around the earth, as some writers have 
suggested. It is also too much to ex- 
pect that the ascending transfer launch 
vehicles can be launched within a few 
minutes or seconds tolerance for the 
most optimum transfer path and ren- 
dezvous. It should be possible to 
ease the burden on launch facilities 
and requirements considerably by add- 
ing to the rendezvous concept a very- 
high-energy propulsion system that 

(CONTINUED ON PAGE 50) 


CEC’s new d-c amplifiers and 
strain gage power supplies for 


Ultra-Linear performance 


CEC’s NEW 1-155 wide-band D-C 
Amplifier (left)—designed for low- 
level signals from d-c to 10kc— 
is completely self-contained for 
plug-in mounting. Use it to de- 
rive full bandwidth capabilities 
from recording oscillograph gal- 
vanometers. Solid-state circuitry 
..-internal, fully regulated power 
supply. 

SPECIFICATIONS: 


Frequency response . D-c to 5 kc, +1%, d-c 
to 10 ke, +3% 


eee 200 ma peak to peak, 
20 volts peak to peak 
Input voltage... .. 10 mv peak for full- 
scale output 
+0.01% 
Common Mode 
Rejection. .... . 120 db at 60 cps 


Write for Bulletin CEC 1155-X6. 


STRAIN GAGE 
POWER SUPPLY 


The NEW 3-139 Strain Gage 
Power Supply is a perfect com- 
panion for the 1-155 D-C Ampli- 
fier. Triple-box transformer 
shielding provides low leakage to 
ground. This highly stable, regu- 
lated excitation voltage source 
(external or internal sensing pro- 
vided) for strain gage transducers 
is ideal for strain measurement 
systems. 


SPECIFICATIONS: 

2 to 15 volts, 0 to 
200 ma 

Regulation ........ +0.05% for 10% 
line chanyes from 
95 to 135 volts 

Role. 0.5 mv P-P for all 

load and output 

conditions 


Temperature Coefficient. 0.002% per °C. 


Write for Bulletin CEC 3139-X5. 
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“‘A revolutionary and practically invulnerable ballistic missile 

system.”’ President Eisenhower thus characterized the POLARIS 

Fleet Ballistic Missile—capable of being launched from hidden 
nuclear submarines anywhere in the oceans of the world. 


As System Manager of this fantastic program, Lockheed 
Missiles and Space Division coordinated its overall 
design, research, development, testing, assembly, and 
evolved the missile frame and reentry body. Outstanding 
competence and teamwork brought the POLARIS to 
operational status years ahead of schedule. Such 
accomplishments exhibit a bold, imaginative 
approach to new and unusual concepts. 


Similar challenging opportunities are continually 
developing at Lockheed. Other programs reach far into 
the future ...a rewarding future which engineers and 

scientists of creative talent and inquiring mind are 
invited to share. Write Research and Development Staff, 
Dept. M-16F, 962 West El Camino Real, Sunnyvale, California. 
U.S. citizenship or existing Department of Defense 
industrial security clearance required. 


Lockheed / wssies AND SPACE DIVISION 


Systems Manager for the Navy POLARIS FBM and the Air Force AGENA Satellite in the DISCOVERER and MIDAS Programs 


SUNNYVALE, PALO ALTO, VAN NUYS, SANTA CRUZ, SANTA MARIA, CALIFORNIA * CAPE CANAVERAL, FLORIDA * HAWAII 
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would permit considerable in-flight 
maneuvering and time for closure. 
The electrical propulsion system would 
seem to fit the picture, not only be- 
cause of its very high specific impulse 
but also because of its intrinsically low 
thrust, therefore low accelerations. 

When it comes to propulsion, it 
will probably be simpler to have the 
orbiting vehicle completely passive 
and the ascent vehicle active. As 
stated before, the last bit of the closure 
will be most difficult, and such ele- 
ments as the attitude-control system 
will require a sophistication of design 
and imagination unheard of. The at- 
titude of the ascending “seeker” and 
the orbiting rendezvous vehicles must 
both be correct to very small limits of 
tolerance. It is probably within the 
duties of the ascending seeker satellite 
to correct not only its own attitude but 
that of the orbiting rendezvous ve- 
hicle, if these are far apart in attitude. 
If the seeker vehicle has an attitude 
close to what is needed, the orbiting 
vehicle might not need correction. 

Now for the actual method of cou- 
pling. If, as stated earlier, propellant 
replenishment is the main purpose, 
then we face the situation of either 
coupling pipes and hoses and other 
connectors to the empty tankage of the 
orbiter spacecraft, of coupling an en- 
tire propulsion system to a spacecraft, 
or of building up the propulsion capa- 
bility by some other stratagem, such 
as parallel connection of solid rockets. 

The transfer of liquids in a weight- 
less environment involves, again, exact 
attitude control and the application 
of small G forces or other means to 
give some head to the propellants. 
These factors do complicate the pic- 
ture. It would be simpler to couple 
an entire propulsion system, tanks and 
all. Even if the simplest of connector 
joints were designed for propellant 
transfer and simple mechanical latches 
for the spacecraft, electrical couplings 
would still have to be provided. The 
writer has yet to see, from past ex- 
perience or future expectations, any 
electrical joints for rocket purposes 
that are designed for quick, easy, and 
reliable connection or disconnection. 
Therefore, a good scheme might be the 
inductive coupling of the spacecraft 
to the connected propulsion system. 

There is no technical reason why 
several hundred channels of wireless 
information links could not be induc- 
tively coupled to the attached propul- 
sion system. All operations of guid- 
ance control and propulsion control 
could be then achieved from one 
spacecraft. 

The actual physical connection 
could be achieved by magnetic plates 
which would draw the two vehicles 
together during the last few inches 
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and make an immediate fit, so that 
mechanical latches could be actuated 
more or less as an afterthought rather 
than a primary operation. Of course, 
if the propulsion tankage and system 
(empty) is a part of the orbiter, then 
no such scheme is required, although 
for propellant replenishment some 
electrical connection might be neces- 
sary. It is, under any circumstances, 
a good rule to eliminate as many mov- 
ing clamps and connectors as possible. 

The nuclear rocket offers certain 
economic and technical benefits for 
rendezvous. An expensive reactor 
that may have a lifetime longer than 
that needed for its original propulsive 
purpose can be reactivated and used 
again for escape from orbit (if that is 
what is required) by the relatively 
simple act of replenishing the working 
fluid, probably hydrogen. This does 
not mean to say that transferring a 


cryogenic fluid such as liquid hydro- 
gen is in itself intrinsically simple, but 
at least one propellant only is used and 
the arrangement of connectors and 
piping and plumbing is thus simplified. 

The solid-propellant rocket offers 
certain advantages for the coupling of 
a propulsion system, since the behavior 
of weightless liquids is avoided and 
the ignition startup and firing sequence 
is simpler than for a liquid system. It 
is possible to foresee orbiting propul- 
sion replenishment or addition done by 
launching solid-propellant refuel units 
that are propelled by electric engines 
or gas jets which provide propulsion 
and control. It may even be possible 
to assemble additive elements of solids 
by parallel clustering, or even by some 
type of quick grain segmentation, al- 
though that is probably a most diffi- 
cult task technically. 

At any rate, orbital refueling or 


Air Force Starts Orbital Rendezvous Studies 


Space vehicles of this knd—above, design study of five-man shuttle for rendez- 
vous and then glide return to earth and, below, tug for assembling space station 
in orbit—are included in one Slomar (Space Logistics, Maintenance, and Res- 
cue) study program being conducted by the Martin Co. under a $14,000 Air 
Force (WADD) contract. The whole Slomar study covers Air Force needs over 


the next 15 years or so. 
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This portable, lightweight package keeps 
the pilot cool and comfortable on the ground 
in his flight pressure suit from one to two 
hours. Utilizing cryogenic liquid oxygen as 
the coolant, it requires no electric power or 
other connecting supplies which might 
hinder the pilot’s mobility. 

Easily carried by hand or slung from the 
shoulder, the AiResearch unit can cool a 
pilot wearing either full or partial pressure 
suit during travel to and from his aircraft, 
preflight checkout and while seated in the 
cockpit. Pure oxygen for prebreathing can 
also be provided as a simultaneous function. 

This extremely simple and reliable cool- 
ing unit has no moving parts. In operation, 
ambient air vaporizes a supply of liquid 
oxygen to pressurize the system. Cooling air, 
made up of stored oxygen and ambient air, 
is then circulated through the suit. 


AiResearch is also in production on self- 
contained life support systems inside fully . 
enclosed protective suits. These suits allow 

the wearer to work safely in hostile environ- 
ments such as toxic missile fuel handling 

and fire fighting. Research for modification 

of these systems is now being conducted for 
space use. 


¢ Please direct inquiries to Los Angeles Division 
CORPOGHR OW 
AiResearch Manufacturing Divisions 


Los Angeles 45, California + Phoenix, Arizona 
Systems and Components for: AIRCRAFT, MISSILE, SPACECRAFT, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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replenishment seems technically to be 
simpler if an entire loaded and as- 
sembled propulsion system (whether 
that be a solid or a packaged liquid) 
can be coupled to a spacecraft. 

The technical problems, then, of 
orbital rendezvous for refueling are 
tremendous ones. 

First, they center about the coupling 
of vehicles by some form of robot ac- 
tion, unless men are in the spacecraft 
to be replenished, in which case some 
manual manipulation is possible, but 
even there the possibilities are limited. 
Robot coupling might be aided by 
ground-based television monitoring. 

Second, with the orbital spacecraft 
or vehicle to be replenished having 
“active” homing beacon equipment, 
the problems of interception are much 
reduced for the ascent vehicle. Surely 
there exists presently enough knowl- 
edge in that electronic area to permit 
already some form of simple rendez- 
vous technique; the procedures that 
remain to be worked out are those of 
the “localizer” approach for final 
coupling. 

Third, the development of high- 
energy propulsion systems will ease 
the demand on guidance and control 
units, so that several orbital passes 
and approaches may prove feasible, 
permitting enough time for proper 
orientation of the vehicles vis-a-vis 
each other. 

Fourth, the coupling of entire pro- 
pulsion packages to the spacecraft 
that is in orbit would seem to be pref- 
erable to replenishment by loading 
liquids, although there are enough 
problems of launching an entire pro- 
pulsion package by one ascent firing. 

Fifth, anything that can be done 
to ease launch-time requirements by 
the ascending vehicle will prove to be 
an economical measure, since, at 
least in the foreseeable future, no 
magic is available to launch large 
rockets within a desired few-seconds 
span. 

Sixth, the need for optimum flight 
paths and transfer ellipses, etc., while 
desirable, could be subordinated 
through the use of a high-energy pro- 
pulsion system. 

Seventh, rendezvous for the purpose 
of replenishing a space station may 
actually not be a more complicated 
process than refueling, since discrete 
objects would be passed from one ve- 
hicle to another, including men, food, 
and oxygen. This would require the 
development of airlocks and other safe 
coupling mechanisms which would 
permit men and stores to leave a space 
station and enter another. 

As space technology progresses, the 
use of partially self-sustaining space 
stations should prove a technically de- 
sirable undertaking. Anything that 
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can be done to lessen requirements for 
supplying food and oxygen will ease 


rendezvous launch-vehicle require- 
ments. The writer has not treated 
this aspect of rendezvous to a great 
extent, since “permanent” manned 
space stations may not be an immedi- 
ate and urgent space task for this 
country, in contrast to unmanned and 
manned lunar landings and planetary 
explorations. 

But it can be said that manned space 
stations, if these became a space ob- 
jective, would provide a powerful 
motivation for the development of 
rendezvous techniques. Surely no at- 
tempt would be made to initiate a 
space-station development without a 
parallel effort on rendezvous and ferry 
concepts. Thus, if remote-control 
orbital refueling becomes an _ estab- 
lished technique within the next 
decade, then the somewhat simpler 
task of space-station life support and 
personnel transfer can follow without 
much further development. 

Also, it may be possible to estab- 
lish small three-to-six-man permanent 
space stations without having an equal 
capability for a three-man lunar land- 
ing and return vehicle. But the neces- 
sary space-station rendezvous _tech- 
nique would pave the way for the 
much more difficult lunar attempt. 

Finally, the economic justification 
of rendezvous will prove a powerful 
motivation. Some cost estimates are 


More Power for Polaris 


A-1 and A-2 Polaris boosters, left and 
right, respectively, show the size dif- 
ferential that corresponds to missile’s 
increase in range from 1200 to 1500 
n. mi. Aerojet-General developed and 
produces both solid-propellant motors 
for the Navy. 


given on page 22. 

As stated earlier, there may come a 
time when vehicle size can no longer 
be increased practically. It is most 
probable that rendezvous techniques 
or ferry projects will then be a definite 
and necessary part of our space tech- 
nology. Space rendezvous will de- 
pend on the use of proven rockets and 
components. There seems little ques- 
tion of the feasibility of the technique. 
Once it is established, it will add an 
otherwise unattainable dimension to 
space exploration. 

For the immediate present, while 
no preliminary development testing 
can take the place of an actual orbital- 
rendezvous attempt, some testing, at 
least, should be possible for docking- 
technique development. It might be 
possible to suspend buoyant scale- 
model seeker and target vehicles below 
surface in water tanks with control 
exercised through sonic “telemetry.” 
Actual propellant transfer might even 
be possible, with the. vehicles pro- 
pelled and stabilized just as in space. 
Something could also be done with 
airborne apparatus, with all guidance 
and control functions programmed into 
the carrier vehicles. 
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Careers in astronautics 


STRONAUTICS is now big_ busi- 
A ness and, like many big busi- 
nesses, has spread to every section of 
the country. As a result the career- 
minded astronautical engineer or sci- 
entist is today in a position to find po- 
sitions to his liking in the North, South, 
East, or West, and is not limited to 
one particular area but can choose 
among locations virtually a continent 
apart or at many stopping points along 
the way. 

The South especially is going 
through a period of great industrial 
expansion, and the astronautics indus- 
try has moved into this area in force. 
Some businesses have moved South 
virtually lock, stock, and barrel; other 
companies have opened subsidiaries in 
the Southern states; still others have 
started from scratch. The attractions 
are many. Land, labor, and taxes are 
relatively lower than in other sections 
of the country; a good climate, a more 
tranquil way of life, and the heritage 
of our founding fathers often repre- 
sent additional plus factors. 


Virginia, the Old Dominion, may 
be taken as an example of the blos- 
soming South. The state’s astronau- 
tics industries extend northward vir- 
tually to Washington, D.C., and to 
the suburb city of Alexandria where 
up-and-coming businesses abound. 

One of these is CEIR, Inc., whose 
business lies in providing machine 
(electronic) computations, including 
development of programs, for any or- 
ganization (in space or otherwise) in 
need of such aid. Its Space Tech- 
nology Div. is working on trajectory 
analysis and development of survey 
and guidance theories for interplane- 
tary navigation. It is also concerned 
with space economics—for example, 
optimum use of the resources in a 
space vehicle and the real costs to 
achieve a specified space objective. 
The company’s growth has been dy- 
namic, as attested by about a 25-fold 
increase in the cost of its stock in less 
than a year. Apparently, its em- 
ployes are from all the disciplines, in- 
cluding economists, mathematicians, 
statisticians, physicists, chemists, etc., 
as well as formal programmers. 

Another Alexandria industry is At- 
lantic Research Corp., whose stock ap- 
preciation almost parallels that of 
CEIR. About 60% of its effort is re- 
lated to solid propellants, which it 
both develops and manufactures. The 
company also does basic research in 
kinetics and rocket combustion. More- 


54 Astronautics / April 1961 


By Irving Michelson, J//inois Institute of Technology 


over, its interests include electronics, 
communications, plastics, materials 
research and testing, optics, pyro- 
technics, and dehumidification. Cur- 
rently, it has needs for trained sci- 
entists in virtually all fields with at 
least five years experience. 


Less than 100 air-miles south of 
Washington, in Richmond, is Texaco 
Experiment Inc. Its business comprises 
all aspects (fundamental and applied) 
of propulsion development, including 
liquid and hybrid rockets and_air- 
breathing powerplants. It recently 
became a part of Texaco, Inc. and in- 
tends soon to expand into production 
of novel air-breathing systems. The 
TEI air-turborocket, it firmly be- 
lieves, is more than competitive with 
rockets as a boost vehicle. Also, as 
part of the Texaco team it shares the 
largest AF contract yet awarded to 
uncover and synthesize superior liquid- 
rocket propellants—a_ real blue-sky 
effort. It is expanding from a nucleus 
of a little more than 100 as rapidly as 
it can find capable people, with the 
sky the limit. (The professional staff 
has grown over 40% in less than a 
year.) TEI is currently seeking ex- 
perienced chemists and physicists, and 
mechanical, aeronautical, and elec- 
tronic engineers. 


* 


In the extreme East, or Outer-Banks 
area of Virginia, is the NASA installa- 
tion at Wallops Island from which 
Scout satellites are orbited. And, 
further south near Norfolk, is the 
great, sprawling NASA Langley Re- 
search Center. Langley, of course, 
needs no introduction. Its enviable 
accomplishments as part of NACA are 
history. Under U.S. Public Law 85- 
568, as part of the newer NASA, it 
is now charged with providing “re- 
search into problems of flight within 
and outside the earth’s atmosphere,” 
except activities associated with the 
military. Its facilities represent an in- 
vestment of $150 million on a 710-acre 
location with 1100 professionals and 
2100 supporting-staff members. There 
is probably no field in all of the 
Sciences which is not covered in some 
manner by the work at Langley. 
Those with a leaning for the Civil 
Service way of life could probably 
contribute no more anywhere than at 
Langley. 

An electronics organization in Lees- 
burg which expects to expand in the 
near future is Development Engineer- 


ing Corp. This company designed 
the Navy's moon relay system, was 
part of the team that designed the 
world’s most powerful radio telescope, 
and has demonstrated communication 
by radio waves sent through the earth. 
It has expanded its volume of business 
nearly 100-fold in the past eight years, 
opening subsidiaries in Colorado and 
Massachusetts. _DECO seeking 
high-caliber people in the field of ad- 
vanced communications and antenna 
design and development. 


So, briefly, career opportunities 
beckon in the South. The barest min- 
imum have been mentioned, and these 
only in the single state of Virginia. 
The career-minded, then, would do 
well to consider the area which in our 
nation’s infancy not too many years 
ago produced the best of which Amer- 
ica is capable. 

For specific career opportunities, see 2nd 


cover, pages 2, 9, 13, 18, 48-49, 69, 73, 75, 
77, 83, 85. o¢ 


Japanese Officials on Tour 


Last month, nine officials prominent 
in Japan’s space-science programs 
visited the NASA Marshall Space 
Flight Center in Huntsville, Ala. 
Members of a Japanese Survey Mission 
for Space Science and Technology— 
who will also visit Canada, the United 
Kingdom, France, the Federal Repub- 
lic of Germany, and Switzerland—the 
officials will study the present status 
and trend of space science and meas- 
ures for international space coopera- 
tion. 

Kankuro Kaneshige, chairman of 


Japan’s National Space Activities 
Council, heads the Survey Mission. 
Other members include Noboru 


Takagi, professor of electrical engi- 
neering at the Institute of Industrial 
Science, Tokyo; Fujio Nakanishi, di- 
rector of the National Aeronautical 
Laboratory, Science and _ Technics 
Agency; Shojio Nanbe, director of the 
Research Institute of Kokusai Dan- 
shin Danwa Co., Ltd.; Masaji Miyaji, 
director of Tokyo Astronomical Ob- 
servatory, Univ. of Tokyo; and Tet- 
suya Senga, councilor of the Federa- 
tion of Economic Organization. 

Also, Tabayoshi Murao of the 
Planning Bureau, Science and Tech- 
nics Agency; Masao Yoshida, chief of 
the Nuclear Material Section, Japan 
Atomic Energy Research Institute; and 
Shozo Shimomura of the Budget Bu- 
reau, Ministry of Finance. 


| 
| 
| 
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He’s got Minutemen 
“working on 
the railroad” 


Hard basing is one way to protect 
America’s force of retaliatory 
ICBM’s. The problem was to find an 
alternate means of accomplishing 
the same mission. The Air Force 
solution was a new ICBM mobility 
concept—railroad car-mounted Min- 
utemen, utilizing the nation’s vast 
track mileage for numerical and 
geographical dispersion, creating a 
difficult target for enemy attack. 

To put the Minuteman, its support 
systems and associated equipment 
on rails was a completely new prob- 
lem in missile handling. The first 
requirement assigned by Boeing to 
American Machine & Foundry Com- 
pany and ACF Industries, Inc., was 
a feasibility study of the existing 
limitations of roadbeds, rails, rail- 
road operations and right-of-way. 
Unique tactical cars are being de- 
signed within these limitations to 
carry the Minuteman—cars that can 
handle the missile and its operating 
equipment, safely isolated from 
roadbed shock and ready for immedi- 
ate retaliatory launching. 


Single Command Concept 


Whether for conceptual problems 
such as this one, or for challenges in 
design or manufacturing, AMF has 
ingenuity you can use. AMF people 
are organized in a single operational 
unit offering a wide range of engi- 
neering and production capability. 
Its purpose—to accept assignments 
at any stage from concept through 
development, to production, and 
service training...and to complete 
them faster in 
* Ground Support Equipment 
* Weapon Systems 
Undersea Warfare 
Radar 
+ Automatic Handling & Processing 
* Range Instrumentation 
* Space Environment Equipment 
« Nuclear Research & Development 

GOVERNMENT PRODUCTS GROUP, 
AMF Building, 261 Madison Avenue, 
New York 16, N. Y. 


Meineeting and manufacturing AMF has ingenuity you can use... AMERICAN MACHINE & FOUNDRY COMPANY 
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Tungsten-Base Composites 
(CONTINUED FROM PAGE 36) 


materials development. 

Avcomet contains, other than tung- 
sten, a material that in comparison has 
a lower melting point and lower va- 
porization temperature. The surface 
temperature of the composite material 
stays lower than that of pure tungsten 
under intense heating because of the 
latent heats of melting and vaporiza- 
tion of the second material in the com- 
posite and because of the transpiration 
effect of the vaporizing material. The 
sum of these two phenomena is not 
unlike ablation. The important differ- 
ence is that a nozzle-throat area re- 
mains relatively unchanged while this 
material releases its heat of vaporiza- 
tion and transpires into the boundary 
layer. 

This performance has been the sub- 
ject of both theoretical analysis, with 
the aid of digital computers, in some- 
thing like the manner of Avco’s pio- 
neering computer analyses of ICBM 
nose cones during the past several 
years, and of experimental studies. 

For example, a particular composi- 
tion of Avcomet was analyzed with 
the aid of an IBM 704 computer and 
its performance was compared with 
pure tungsten’s. Both the Avcomet 
and the tungsten were taken to be in 
the form of 3/¢:-in.-thick sheet backed 
by 1/g-in.-thick graphite sheet and 
reinforced with an insulating back. 
The gas flow acting on the experimen- 
tal specimens was modeled on that 
typical of a second-stage Minuteman 
rocket engine. 

The table at bottom shows in sum- 
mary form the histories of surface tem- 
perature vs. time that this analysis 
gave. The Avcomet shows a tempera- 
ture lag of nearly 600 F under steady- 
state conditions (after about 20 sec) 
compared with pure tungsten. 

A more palpable demonstration can 
be made with a plasma generator, 
such as that shown above right, an 
Avco Model 500 (500 kw) are-plasma 
generator with these characteristics: 
Power level, 100-1500 kw; air-mass 
flow, 0.005-0.04 Ib/sec; chamber pres- 
sure, 1-10 atm; enthalpy, 3500-12,000 
Btu/Ib; and throat diameter, 0.25-1.0 


Calculated Surface Temperature 


Time Surface Temperature (F) 
(sec) Avcomet-1 Tungsten 
1 1920 1920 
2 2720 2720 
5 3600 3900 
10 4460 4660 
20 4660 5240 
40 4680 5280 


56 Astronautics / April 1961 


Avco Model 500 Arc-Plasma Generator 


in. 

Such tests have been made to com- 
pare Avcomet-1 and pure tungsten. 
Nitrogen was used as the working 
fluid to minimize oxidation of test sam- 
ples, examples of which subjected to 
the arc jet for 60 sec are shown on 
page 36. The enthalpy (H/RT,) of 
the gas was about 100 and the heat 
flux was approximately 750 Btu/ft? 
sec. Neither of these samples melted. 

But at higher enthalpies and heat 
fluxes—for example, H/RT,) ~ 200 and 
flux of 1280 Btu/ft?/sec—the superior- 
ity of the Avcomet-1 clearly appeared, 
as can be seen from the photo on 


page 36. The pure tungsten melted 
within 30 sec but the Avcomet-1 did 
not melt after even 60 sec. 

Avcomet-1 appears to be the best 
tungsten-based composite developed 


to date. It has been successfully 
tested at two solid-propellant-rocket 
development facilities in motors with 
chamber pressure of 1000 psia for 60 
sec. Further work on Avcomet com- 
positions are in progress. 

It is our conclusion from work to 
date that tungsten-based composites 
hold considerable promise as a high- 
performance nozzle material now and 
in the future. ¢ 


Holloman Summer 
Scientific Seminar Scheduled 


Holloman Summer Scientific Semi- 
nars will be held in the two-week 
period June 19-30, 1961, at Cloud- 
croft, N.M. The topic will be Astro- 
physics and the program will present 
Eberhard Hopf in five lectures on 
ergodic theory and R. S. Richardson in 
five lectures on celestial mechanics. 

Two lectures each will be given by 
ten other leading scientists on as many 
topics of astronomy and astrophysics. 
These speakers are Otto Struve, Don- 
ald H. Menzel, Gerald P. Kuiper, Carl 
Sagan, Seth B. Nicholson, John D. 
Strong, Herbert Friedman, N. U. May- 
all, John D. Kraus, and George 
Gamow. 

A day-by-day calendar of the pro- 
gram is available and arrangements 
for attendance to all or any of these 
lectures may be made by writing to 
Dr. J. R. Foote, P.O. Box 1053, Hollo- 
man AFB, N. M. 


Strain Gage Course Set at SRI 


An intensive short course in strain- 
gage techniques, 


co-sponsored by 


Southwest Research Institute and the 
Society for Experimental Stress Analy- 
sis, will be given in San Antonio, Tex., 
April 17-21. Lecture tuition is $175, 
laboratory $100 more. Applications 
and tuition must be in the hands of 
Dr. M. M. Lemcoe, SRI, Box 2296, 
San Antonio 6, Tex., by April 10. 


New Timing Broadcast 
Aids Astronautics 


In January (0000 UT) the National 
Bureau of Standards retarded the time 
signals broadcast from radio stations 
WWV and WWVH by 5 millisec, 
bringing them into closer agreement 
with other worldwide standard signals, 
and at the same time resumed broad- 
casting on WWV a special timing code 
that gives day, hour, minute, and sec- 
ond (UT) coded in binary form. This 
year, it is planned to maintain the 
frequency stable to 1 part in 10! at 
the same offset as previously (—150 
parts in 10!° with reference to the U.S. 
Frequency Standard). The new 
timing code provides a base for scien- 
tific observations made simultaneously 
at widely separated places, as in space- 
vehicle tracking. 
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2Channels . . . 35” high mobile cart 
. .. Choice of 4 plug-in preamps 


Interchangeable plug-in “850” type pre- 
amplifiers in Carrier, DC Coupling, Phase 
Sensitive Demodulator and Low Level 
types, for inputs ranging from micro- 
volts to hundreds of volts . . . internal 
MOPA available when carrier or chop- 
per excitation is required . heated 
stylus, rectangular coordinate recording 
on 50 mm wide channels ._ . transis- 
torized circuits . . . frequency response 
to 125 cps within 3 db, at 10 mm 
peak-to-peak. Model 297 can also be 
used in optional portable case or rack 
mounted in 1042” of panel space. 


1Channel . . . 20 Ibs., briefcase size 
10 mv/div DC Model 
10 uv rms/div AC strain gage Model 


Extremely compact, highly versatile re- 
corders for general purpose CC inputs 
(Model 299) and AC strain gage record- 
ing (Model 301). Two chart speeds: 5 
and 50 mm/sec . . . inkless, rectan- 
gular coordinate recording . . . response 
from DC to 100 cps within 3 db, at 10 
div peak-to-peak . . . gain stability 
better than 1% to 50°C and for line 
voltage variation from 103 to 127 volts. 
Model 299 has balanced to ground in- 
put, 10 switch- selected. sensitivities, 
calibrated zero suppression. Model 301 
has wide sensitivity ranges, can be used 
with strain gages and inductive trans- 
ducers, provides excitation voltage of 


Two 50 mm wide channels . . . sepa- approximately 4.5 volts rms at 2400 cps, 
rate floating input DC amplifiers . . . and has uncalibrated zero suppression. 
4 chart speeds . . . mv or volt inputs 


Operate this 1-cubic-foot recorder ver- 
tically, horizontally, or tilted at a 20° 
angle on carrying handle Inputs are 
floating and guarded . . . 12 sensitivi- 
ties from 0.5 mv/mm to 20 v/cm... 
response DC to 125 cps within 3 db, at 
10 div peak-to-peak . : . max. non- 
linearity 0.25 mm .. . common mode 
rejection 140 db min. DC . . . built-in 
10 mv calibration signal and electrical 
limiting . . . internal 1 sec. timer... 
monitor output connectors for each 
channel. Galvanometers are rugged, low 
impedance type with velocity feedback 
damping; most circuitry for each chan- 
nel is mounted on a single, easily serv- 
iced card. 


For complete details contact your nearest Sanborn Sales-Engineering 
representative. Sales representatives are located in major cities 
throughout the United States, Canada and foreign countries. 


Sew 
SAN BORN COMPANY 


INDUSTRIAL DIVISION 
175 Wyman Street, Waltham 54, Massachusetts 
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Composite Ceramic Metal 
(CONTINUED FROM PAGE 29) 


for the corrugated metal strip. The re- 
sultant components have successfully 
withstood several 20-min cycles of 
exposure to temperatures of 3500 F. 

To extend this concept to higher 
operating temperatures, zirconia was 
selected as the most likely candidate 
material to produce composites that 
successfully withstand exposures to 
4400 F for extended periods of time. 


Time-stabilized zirconia, Type H . 


(cubic crystalline form), was selected 
for the application. As in the alumina- 
base composite, a phosphate bond was 
used by providing phosphate radicals 
from acids and salts. The primary 
bonding was obtained by using mono- 
fluorophosphoric acid according to the 
following equation: 


ZrO, + 2H, PO,F> 
Zr (POF) + 2H,O 


In order to retard the bonding action 
and increase the shelf life of the 
trowelling consistency, ammonium di- 
hydrogen phosphate was added to the 
composition and reacted in the follow- 
ing manner: 


3ZrO. + 4NH,H,.PO,—> 
Zr,(PO,), + 4NH, + 6H,O 


An additional constituent, chromia, 
was added to improve the workability 
of the consistency and increase the 
emissivity. It reacted in the follow- 
ing manner: 


4. 3H,PO,F> 
Cr.(PO,F) + 3H,0 


The composition by weight of the final 
matrix material was as follows: 


The particle distribution of the final 
composition contained 22.6% of 
particles through 60 mesh on 80 mesh 
and 77.4% of particles through 80 
mesh on 150 mesh. The resulting 
bulk density was 204 Ib/cu ft and the 
apparent porosity was 22%. 

The hard, crackfree matrix de- 
veloped through these reactions had 
excellent erosion resistance when 
blasted at room temperature with a 
constant flow of 20-grit silicon carbide. 
It processed the same erosion resist- 
ance as dense graphite, four times the 
resistance of dense 99% alumina brick, 
and over four times the erosion resist- 
ance of zirconia brick. 

The ceramic matrix was incorpo- 
rated into a reinforced-ceramic coating 
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system consisting of a base metal sub- 
strate of 1/.% Ti-molybdenum alloy 
sheet to which was resistance-welded 
a corrugated-strip reinforcement of 
0.010-in.-thick, 0.125-in.-wide molyb- 
denum alloy. The resistance welding 
was facilitated by applying a plasma- 
flame-sprayed chromium to both sur- 
faces. The chromia also served to 
protect the molybdenum against ox- 
idation. The welded assembly was 
coated with a Type 418 vitrified coat- 
ing to enhance further the oxidation 
resistance of the molybdenum. The 
matrix was then trowel-impregnated 
into the surface. The composite was 
low-temperature-cured at 300 F. 

The resulting system exhibited a 
thermal drop across a_ thickness of 
0.250 in. of approximately 2300 F 
when exposed to a plasma flame on 


Titan Il Slated to 
Boost Dynasoar 


This artist’s conception, developed by 
the Martin Co. and approved by the 
Air Force, depicts the Dynasoar 
manned boostglide vehicle as it will 
launch into space under power of the 
Titan II booster. The Titan II mis- 
sile, being developed by Martin, is 
scheduled for flight testing within a 
year. Its new engines, developed by 
Aerojet-General, burn hydrazine-mix- 
ture fuel and nitrogen tetroxide oxi- 
dizer, a storable combination. The 
Air Force is pushing to bring Dyna- 
soar to the flight-testing stage within 
three years. 


Matrix Material Performance 


Modulus of 
Rupture, psi 


Temperature Load Rate, 
F Ib/min 


1000 19.8" 1940 
1500 19.5 1878 
2000 19.9 1565 
2400 13.8 543 


the ceramic side. The ceramic sur- 
face was measured at 4200 F while 
the back surface was only 1900 F at 
steady-state conditions. The total 
normal emissivity over the temperature 
range from 2000 to 4000 F was, 
nominally, 0.8 for a rough surface and 
(0.68 for a ground surface. 

The resistance to thermal shock was 
determined by a series of heating and 
cooling cycles and by heating and 
water quenching. In the first test, 
the ceramic surface was plasma-torch- 
heated to 4200 F for 2!/5 min and 
then cooled with an air blast at a 
rate of 650 F per sec to 1000 F and 
somewhat slower to room temperature. 
The composite successfully withstood 
seven such cycles. The photos on 
page 29 show the sample after testing 
and with the ceramic chipped away 
to reveal that the reinforcement was 
not oxidized. The second test con- 
sisted of heating the ceramic face to 
4400 F, holding the temperature con- 
stant for 2 min and then dropping the 
sample into water. No damage was 
observed after two such cycles. The 
elevated temperature modulus of rup- 
ture of the matrix material in an un- 
reinforced condition is given in the 
table above. 

The great promise of this type of 
metal-ceramic composite has not been 
explored to date. It is expected that 
systems similar to the one described 
will find considerable use as thermal- 
barrier and structural materials in ap- 
plications where temperatures above 
4000 F are encountered. 

Again, the specialized uses for 
these materials require that they be 
designed and engineered by the user 
in much the same manner as the other 
engineering technologies are applied 
to produce a weapon system. The 
field of metal-ceramic composites is 
rapidly expanding and the results of 
this activity should produce materials 
capable of operation at temperatures 
above 6000 F in the next two to three 
years. 


AEC Research Summary Out 


“Atomic Energy Research in the 
Life and Physical Sciences—1960” is 
now available from the Supt. of Docu- 
ments, GPO, Washington 25, D.C., at 
$1.25 per copy. 


IN AIR NAVIGATION 
“ITT ACTS WELL AHEAD 


DME « TACAN « VORTAC 
ITT’S ANSWER TO MANY 
OF TODAY’S TRAFFIC 
CONTROL PROBLEMS 
Just five years after the famous 
Wright brothers’ Kitty Hawk 
flight, [TT started in avionics. 
With such a heritage in 

air navigation tf is no wonder 
ITT developed DME — 

distance measuring equipment 
which provides pilots with 
distance accuracy of plus or 
minus two-tenths of a mile, 

yet weighs only 35 pounds. 


ITT’s DME aboard today’s aircraft 
tunes to any DME, VORTAC 
or TACAN ground station _ 
for continuous distance information. 
_The development of VORTAC 
and TACAN, the civilian and 
- military rho-theta systems, is an 
ITT achievement typical of 
its great capabilities in avionics. 
Now even greater resourcefulness 
is attainable through the 
fusing of two divisions to form 
ITT Federal Laboratories. In a 
single company are Research and 
Development plus Manufacture, 
Maintenance and Service... 
ready to serve the military and 
industry with the shortest 
possible cycle between initial 
concept and delivered system. 


FEDERAL LABORATORIES 
800 WASHINGTON AVENUE, NUTLEY, NEW JERSEY . 
CLIFTON, N. 1. + FORT WAYNE, IND. - SAN FERNANDO & PALO ALTO, CAL. 
OF INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 


IC DEFENSE ® PHYSICAL SCIENCES 
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down earth 


Behind the thundering performance of Rocketdyne’s en- 
gines, a significant reduction in the cost of power for Amer- 
ica’s missiles has been quietly achieved. Today. Rocketdyne 
engineering skill and efficient production methods make it 
possible to power two missiles for the cost of one in 1957. 

Rocketdyne, the pioneer in rocket science, was first with 
power for America’s long range ballistic missiles —first with 
power for outer space. In establishing this technological lead- 
ership, Rocketdyne developed new management concepts at 
every level of operation, from early design through final test- 
ing. The result is outstanding technical achievement at the 
lowest possible cost. 

In data processing alone, advanced techniques are saving 
engineers hundreds of hours of experimentation and testing 
and have contributed to a 37 percent reduction in Atlas 
engine costs for the Air Force. An intracompany communica- 
tions network links test stands and research laboratories in 
Missouri, Texas and California; gives management the daily 
status of every program—whether it’s on schedule, what parts 
are in short supply, how the production line is performing. 

Through research, engineering, and management. 


Rocketdyne is constantly at work not only to increase thrust 
performance and develop new propulsion techniques, but at 
the same time to reduce costs all along the line. 


Pi 34 of America’s 38 successful satellites and space probes have been i 
L launched by Rocketdyne engines. 


FIRST WITH POWER FOR OUTER SPACE 


ROCKETDYNE 


DIVISION OF NORTH AMERICAN AVIATION 


Canoga Park, California; Neosho, Missouri; McGregor, Texas 
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ARS news 


Harold W. Ritchey, President of 
the AMERICAN ROCKET SOCIETY, an- 
nounced last month that the Ameri- 
can Astronautical Society has again 
declined an ARS proposal for a 
merger. 

Dr. Ritchey stated that William 
H. Pickering, chairman of the ARS 
Policy Committee, had received a 
letter from Alfred M. Mayo, presi- 
dent of AAS, informing him of the 
decision made by the AAS Board at 
a meeting held recently in Dallas, 
Texas. A previous merger pro- 
posal made to AAS by ARS in 1959 
was also rejected. 

Mr. Mayo’s letter states that “the 
Board voted unanimously to decline 
this merger proposal and to cease 
any further efforts concerned with 
such a merger.” 

The letter from Mr. Mayo then 
indicated that AAS intended to set 
up a special committee for coopera- 


AAS Again Turns Down ARS Merger Proposal 


tion with ARS as follows: “We do, 
however, value highly our friend- 
ship and cooperation and hope to 
greatly strengthen these for our 
mutual benefits. To this end, I am, 
as the 1961 President of the AAS, 
setting up a special committee for 
this specific purpose.” 

Dr. Ritchey, in his announce- 
ment, expressed his regret that AAS 
had not felt it appropriate to merge 
with ARS since, he felt, “both ARS 
and AAS have the same objective; 
namely, the advancement of astro- 
nautics.” 

Dr. Ritchey released the follow- 
ing additional statement addressed 
to the 18,000 members and 170 
Corporate Members of the AMERI- 
CAN Rocket Society: “Because of 
the widely expressed concern on the 
part of industry and government or- 
ganizations in the missile and space 
field about the apparent overlap in 


interests of the AMERICAN ROCKET 
Society and the American Astro- 
nautical Society, the ARS Board of 
Directors felt it appropriate to offer 
a proposal of merger to the AAS 
Board. 

“The terms of the merger pro- 
posed by ARS had included a name 
change for the combined societies 
and proportionate representation of 
the two societies on an enlarged 
Board of Directors, on Technical 
Committees, and on Standing Com- 
mittees. 

“Discussions between groups 
representing both ARS and AAS 
have taken place on a number of 
occasions over a period of about 
two years and these discussions 
have been both amicable and co- 
operative. It is to be regretted, 
however, that they did not produce 
the desired results.” 


ARS Propellants, Combustion, and Liquid 
Rockets Conference Coming Up This Month 


The forthcoming ARS Propellants, 
Combustion, and Liquid Rockets Con- 
ference, to be held April 26-28 at the 
Palm Beach Biltmore, Palm Beach, 
Fla., is being jointly sponsored by the 
Liquid Rocket, and Propellants and 
Combustion technical committees, un- 
der the general chairmanship of 
Charles King. While the technical 
excellence of the papers to be pre- 
sented will insure a large attendance, 
the locale, Palm Beach, will simply 
act as the frosting. 

In addition to the technical pro- 
gram, a field trip to Pratt and Whit- 
ney’s rocket engine facilities will be 
arranged. A reception and banquet 
has also been planned, and General 
Don Ostrander will be the principal 
speaker. 

Eight technical sessions have been 
arranged for the two-day meeting. 
Thus simultaneous sessions will be 
necessary. Both technical committees 
are very enthusiastic about the sub- 
ject matter of the meetings, and a 
variety of significant papers have been 
submitted. 

Two sessions will be devoted to the 
subject of detonation. With ever- 
greater interest being shown toward 
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mobile missile systems, the problem of 
propellant detonability has assumed 
great importance. A session covering 
tais topic will be conducted under the 
chairmanship of Marjorie Evans. In 
addition, C. M. Wong will chair a 
session devoted to the mechanism of 
detonation phenomena. 

Two aspects of the flow process in 
nozzles will be considered at this meet- 
ing. A session on Two-Phase Flow in 
Nozzles has been arranged by Billings 
Brown, and it may be expected that 
the lively controversy that has followed 
this subject will continue. From an- 
other tack, the general subject of Lag 
Processes in Rocket Nozzles will be 
discussed by a distinguished panel of 
experts. S. S. Penner has agreed to 
moderate the debate. A considerable 
time has elapsed since the last public 
discussion of this important subject, 
thus a very stimulating afternoon can 
be anticipated. 

Several times in the past, attempts 
have been made to arrange an ARS 
session on the topic of Heat Transfer 
to Boiling or Near-Critical Liquids, 
with emphasis on liquid hydrogen. 
Always, the problem of paper clear- 
ance has prevented the presentation 


of an unclassified session. However, 
the proper arrangements have finally 
been made, and W. A. Benser will 
introduce a group of papers covering 
this subject. 

Finally, there will be two classified 
sessions devoted to two separate, but 
highly important, features of rocket 
technology. One is well known to all 
those connected with engine develop- 
ment—Combustion Instability in Large 
Liquid Rockets. However, this ses- 
sion treats the subject somewhat dif- 
ferently than has often been done in 
the past. Here the authors have been 
asked to avoid discussing only an 
idealized instability model, but to con- 
sider the actual events as observed in 
developmental-type combustion cham- 
bers. Furthermore, certain of the pa- 
pers will discuss means that have been 
found effective in inhibiting unstable 
combustion behavior. 

Another subject in the program is 
one which has never before been 
treated in an open (albeit classified) 
technical forum. Thus it is expected 
that enormous interest will be gener- 
ated by the session on Radiation 
Characteristics of Exhaust Plumes. 

F. C. Harshbarger has arranged for 
a series of papers that will treat with 
certain theoretical aspects of the prob- 
lem, the characteristics of laboratory 
experiments, and the observations 
made during the conduct of static and 


flight firings of large rocket engines. 
This subject will be of particular in- 
terest to those persons who are con- 
cerned with the problem of detecting 
or observing the flight of ballistic 
missiles. : 

An additional session has been ar- 
ranged for the presentation of several 
excellent papers that have been sub- 
mitted on one or another of the above 
topics, but that could not be included 
in the regular sessions owing to the 
limitations on time. R. F. Muraca will 
wield the gavel in these proceedings. 

An outline of the technical sessions, 
reception and banquet follows. 

—Martin Goldsmith 


Wednesday, April 26 
9:00 a.m. Mezzanine Ballroom 
DETONATION PHENOMENA 
9:00 a.m. Lobby Ballroom 


RADIATION FROM ROCKET EXHAUSTS 
(Secret) 
2:00 p.m. Mezzanine Ballroom 
DETONABILITY OF PROPELLANTS 
2:00 p.m. Lobby Ballroom 


DESTRUCTIVE INSTABILITY OF 
LIQUID ROCKETS 


(Confidential) 
6:30 p.m. Mezzanine Ballroom 
RECEPTION 
Sponsored by Pratt and Whitney Aircraft 
Div. 
7:30 p.m. Mezzanine Ballroom 
BANQUET 


Toastmaster: Charles T. Roelke, General 
Manager, Florida Research and Develop- 
ment Center, Pratt and Whitney Aircraft 
Div. 

Speaker: Maj. Gen. Don R. Ostrander, 
Director, Launch Vehicle Programs, Na- 
tional Aeronautics and Space Adminis- 
tration 

Thursday, April 27 
9:00 a.m. Mezzanine Ballroom 
BOILING AND NEAR-CRITICAL HEAT 
TRANSFER 
9:00 a.m. Lobby Ballroom 
TWO PHASE FLOW IN NOZZLES 

8:00 p.m. Mezzanine Ballroom 
ADDITIONAL SUBMITTED PAPERS 

8:00 p.m. Lobby Ballroom 


LAG PROCESSES IN ROCKET NOZZLES 
Friday, April 28 
FIELD TRIP 


Solid-Rockets Seminar 


The Delaware Section of ARS and 
the Univ. of Delaware, with the sup- 
port of Hercules Powder Co. and 
Thiokol Chemical Corp., are present- 
ing an 11-session seminar on solid-pro- 
pellant rocketry for undergraduates of 
the University to acquaint them with 
this fast-growing and challenging 
field. Bruce C. Lutz, associate pro- 
fessor of electrical engineering at the 
University, is the moderator. 


WET SPACEMAN a The Null-Gravity Simulator—developed by 


Lockheed/ Georgia — rotates submerged spacemen up to 80 


r.p.m. to create the effects of weightlessness. This device in the 


Human Factors Laboratory is just one of the diverse aerospace 


research and manufacturing capabilities at the Georgia Division. 


LOCKHEED/GEORGIA 


MARIETTA, GEORGIA 


Joint ARS-Oak Ridge Space-Nuclear 
Conference Scheduled for May 3-5 


The many problems of nuclear-pow- 
ered spacecraft design will be explored 
in a joint AMERICAN ROCKET SOCIETY 
and Oak Ridge National Laboratory 
meeting to be held in Gatlinburg, 
Tenn., on May 3-5. 

The program was jointly organized 
by John S. Luce, formerly of Oak 
Ridge, and C. J. Wang of the ARS 
Nuclear Propulsion Committee. Lead- 
ing researchers in nuclear-propulsion 
problem areas will present papers on 
such key issues as advanced nuclear 
propulsion, nuclear systems and com- 
ponents research, nuclear electric pro- 
pulsion, nuclear-vehicle performance, 
and radiation effects and hazards. 

One of the closed sessions will be 
devoted to the progress made in major 
nuclear-propulsion projects, such as 
Rover, Pluto, Orion, Snap, and Spur. 

Recent advances in controlled-fusion 
research, including papers on British 
and European progress in this field, 
will be the subject of another session. 

The technical program will be pre- 
sented in concurrent sessions covering 
a total of nine subject areas. A field 


trip to the Oak Ridge National Lab- 
oratory has been scheduled, and bus 
transportation will be made available 
for those who wish to attend. 

Two of the sessions—Nuclear-Ve- 
hicle Performance and Progress on 
Nuclear Propulsion and Power Pro- 
grams—are classified Secret (Re- 
stricted Data). 

Three luncheons are scheduled. On 
Wednesday, May 3, Harold B. Finger, 
chief of the AEC-NASA Nuclear Pro- 
pulsion Office, will be the speaker. 
Thursday’s speaker will be Brig. Gen. 
Austin W. Betts, director of military 
applications for the AEC, and Friday 
the luncheon speaker will be Allen F. 
Donovan, senior vice-president of 
Aerospace Corp. 

Alvin M. Weinberg, director of Oak 
Ridge National Laboratory, will de- 
liver a key address on “The Impact of 
Large-Scale Research in the USA” at 
the banquet to be held on Thursday 
evening, May 4th. Program follows: 


Wednesday, May 3 
Morning 
OPENING SESSION 
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On the calendar 


1961 
April 4-6 


April 4-6 


April 12-13 


April 18-20 


April 24-27 
April 26—27 
April 26-28 
April 30- 
May 4 

May 3-5 
May 8-10 
May 9-11 
May 22-24 
May 22-24 
June 13-16 
June 19-21 


June 19-21 


June 23=24 
June 26=28 
July 9-14 


Aug. 7-9 
Aug. 16-18 
Aug. 23-25 
Aug. 28- 


Sept. | 


Aug. 28- 
Sept. | 


Oct. 2-7 
Oct. 4-6 


Oct. 9-15 


ARS Conference on Lifting Re-entry Vehicles: Structures, 
Materials, and Design, Riviera Hotel, Palm Springs, Calif. 


Symposium on Electromagnetics and Fluid Dynamics of Gaseous 
Plasma, co-sponsored by Polytechnic Institute of Brooklyn, IRE, IAS, 
and U.S. Defense Research Agencies, Engineering Societies Building, 
New York, N.Y. 


Symposium on Information and Decision Pr , Purdue Univ., 
Lafayette, Ind. 


Symposium on Chemical Reaction in Lower and Upper Atmospheres, 
sponsored by Stanford Research Institute, Mark Hopkins Hotel, San 
Francisco. 


32nd Annual Aerospace Medical Association Conference, Chicago, 


AIME High Temperature Materials Conference, Pick-Carter Hotel, 
Cleveland, Ohio. 


ARS Propellants, Combustion, and Liquid Rockets Conference, 
Palm Beach Biltmore, Palm Beach, Fla. 


7th ISA National Aero-Space Instrumentation Symposium, Adolphus 
Hotel, Dallas, Tex. 


ARS/ORNL Space-Nuclear Conference, Oak Ridge National 
Lab, Gatlinburg, Tenn. 


IRE National Aerospace Electronics Conference, Biltmore & Miami 
Hotels, Dayton, Ohio. 


Western Joint Computer Conference, Ambassador Hotel, Los 
Angeles, Calif. 


ARS National Telemetering Conference, Sheraton Towers 
Hotel, Chicago, Ill. 


National Symposium on Global Communications, co-sponsored by 
AIEE and IRE, Hotel Sherman, Chicago, Ill. 


National IAS-ARS Joint Meeting, Ambassador Hotel, Los 
Angeles. 


Heat Transfer and Fluid Mechanics Institute Conference, Univ. of 
Southern California, Los Angeles. 


international Academy of Astronautics on Earth Satellites 
and Re-entry Trajectories, Paris. 


Franco-ltalian Colloquium on Sounding Rockets, Paris. 

First European Symposium on Space Technology, London. 

4th International Conference on Bio-Medical Electronics and 14th 
Conference on Electronic Techniques in Medicine and Biology, 


Waldorf-Astoria Hotel, New York, N.Y. 


ARS Guidance and Control Conference, Stanford Univ., 
Palo Alto, Calif. 


a International Hypersonics Conference, MIT, Cambridge, 
ass. 


ARS Biennial Gas Dynamics Symposium, Northwestern Univ., 
Evanston, Ill. 


International Symposium on Rockets and Astronautics sponsored by 
Japanese Rocket Society, Tokyo. 


“egeaaaaa Heat Transfer Conference, Univ. of Colorado, Boulder, 
olo. 


Xlith International Astronautical Congress, Washington, D.C. 


American Society of Photogrammetry Semi-Annual Convention, 
Biltmore Hotel, New York, N.Y. 


ARS SPACE FLIGHT REPORT TO THE NATION, New York 
Coliseum, New York, N.Y. 
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LUNCHEON 


Toastmaster: H. G. MacPherson, Oak 
Ridge National Laboratory. 

Speaker: H. B. Finger, chief of AEC- 
NASA Nuclear Propulsion Office, ‘‘The 
Role of Fission. Reactors in Space.” 


Afternoon 
ADVANCED CONCEPTS FOR NUCLEAR 
PROPULSION AND POWER NUCLEAR 
SYSTEMS AND COMPONENTS 
RESEARCH 
Evening 
Speaker: Wernher von Braun 


Thursday, May 4 
Morning 
PROGRESS ON NUCLEAR PROPULSION 
AND POWER PROGRAMS (Secret) 
NUCLEAR-ELECTRIC PROPULSION 


LUNCHEON 
Afternoon 
NUCLEAR VEHICLE PERFORMANCE 
(Secret) 
RADIATION EFFECTS AND HAZARDS 
BANQUET 


Toastmaster: Harold W. Ritchey, President 
of the American Rocket Society 

Speaker: Alvin M. Weinberg, Director of 
Oak Ridge National Laboratory, ‘‘The 
Impact of Large-Scale Rocket Research in 
the USA.”’ 


Friday, May 5 


Morning 

PROGRESS OF CONTROLLED FUSION 
RESEARCH 
LUNCHEON 


Speaker: Allen F. Donovan, Senior Vice 
President of Aerospace Corp. 
Afternoon 
CLOSING SESSION 


A Token of Appreciation 


At a recent annual meeting, the ARS 
Arrowhead Section presented its first 
president, John B. Gustavson, at the 
right, a handsome desk set in apprecia- 
tion of his efforts in founding the Sec- 
tion in 1960. The Section’s new 
president, Larry Thackwell, senior 
vice-president of Grand Central 
Rocket Co., makes the presentation. 
Looking on is the guest speaker of the 
evening, Homer Joe Stewart, NASA’s 
first director of program planning, now 
returned to CalTech as professor of 
aeronautics and special assistant to 
the director of JPL. Dr. Stewart dis- 
cussed long-range planning of NASA 
programs. 
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MISSILE BOMBER. New “H” model is latest version of famous supersonic Hound Dog missiles for in-flight launching toward 
Boeing B-52 missile bomber, most versatile long-range weapon distant targets. Flying high or low, B-52s will provide an almost 
system in U.S. Air Force arsenal. B-52H here carries mock-ups _ undetectable launch pad for missiles. They can also carry regular 
of four Skybolt air-launch ballistic missiles. B-52s can also carry _ load of gravity bombs, and strike up to five targets on single mission. 


Capability has many faces at Boeing 


“ELYING" BOAT. Drawing of 115-foot hy- 
drofoil craft Boeing is building for U.S. Navy. 
Riding out of water, hydrofoil will “fly” on 
underwater wings at speeds up to 45 knots. 
Powered by two 3000-hp gas turbine engines, 
craft will be the biggest hydrofoil ever built. 


MN 
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RESEARCH STATION. Model of space re- 
search station designed by Boeing to accommo- 
date12 men and remain in earth orbit, serving as 
research station or interplanetary launch site. 


SPACE CHAMBER. Boeing multi-stress cham- 
ber simulates six conditions of space travel in 
research to develop protective environments 
required for space vehicle crews. Chamber will 
also be used to test conditions in moon stations. 
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IAF to Hold XIlth International Congress on October 2-7 in Washington 


The AMERICAN ROCKET SOCIETY 
will act as host for the XIIth Inter- 
national Astronautical Congress to be 
held'‘in Washington, October 2-7. 

The program being organized by 
Samuel Herrick of UCLA, member 
of the ARS Board of Directors, will in- 
clude two types of sessions—the stand- 
ard technical sessions with formal 
papers and roundtable discussions. 

These sessions will cover astro- 
dynamics and guidance, communica- 
tions and instrumentation, propulsion, 
vehicle design and testing, space ex- 
ploration, human factors and biological 
environment, and space law. 

Those who wish to submit papers in 
any of these areas should mail com- 
plete abstracts by May 1 to Chairman, 
XIIth International Astronautical Con- 
gress, AMERICAN RockET SOCIETY, 
500 5th Ave., N.Y. 36, N.Y. 

The abstract requirements for the 
Congress will be different than the 
ones generally required for an ARS 
meeting. Abstracts must contain all 


important detailed information includ- 
ing results and graphs or other figures 
necessary for substantiation of the re- 
port, so that a reviewer can make a 
careful scientific judgment of _ its 
worth. The abstract should be limited 
to four pages in length, including fig- 
ures. Two pages of written material 
and two pages of figures are suggested. 

The abstracts of all accepted papers 
will be bound into a booklet, which 
will serve as the official meeting docu- 
ment. Full papers will be required 
by September 15th. These papers 
will be reviewed for publication in the 
official Congress “proceedings” volume 
to be prepared after the meeting. 

The International Astronautical Fed- 
eration is composed of 37 professional 
societies from 30 countries who- are 
joined to promote and stimulate the 
achievement of space flight as a peace- 
ful project. The IAF was founded in 
1950. Save that time, annual Con- 
gresses have heen held to disseminate 
technical and other information on 
space flight. 


President 
Vice-President 
Executive Secretary 
Treasurer 

General Counsel 
Director of Publications 


Ali B. Cambel 1962 
Richard B. Canright 1962 
William J. Cecka Jr. 1963 
James R. Dempsey 1961 
. Herbert Friedman 1962 
George Gerard 1961 
Robert A. Gross 1962 


William H. Avery, Ramjets 
Robert M. L. Baker Jr., Astrodynamics 


G. Daniel Brewer, Solid Propellant 
Rockets 

Robert W. Bussard, Nuclear Propulsion 

Bernhardt L. Dorman, Test, Operations, 
and Support 

William H. Dorrance, Hypersonics 

William M. Duke, Missiles and Space 
Vehicles 

James S. Farrior, Guidance and 
Contro 

Herbert Friedman, Physics of the 
Atmosphere and Space 

George Gerard, Structures and Materials 

Martin Goldsmith, Liquid Rockets 


American Rocket Society 


500 Fifth Avenue, New York 36, N. Y. 
Founded 1930 


OFFICERS 


BOARD OF DIRECTORS 


(Terms expire on dates indicated) 


Abe M. Zarem_ 1963 


TECHNICAL COMMITTEE CHAIRMEN 


Harold W. Ritchey 
William H. Pickering 
James J. Harford 
Robert M. Lawrence 
Andrew G. Haley 
Irwin Hersey 


Samuel Herrick 1963 
Arthur Kantrowitz 1963 
A. K. Oppenheim 1961 
Simon Ramo _ 1963 

David G. Simons 1961 
John L. Sloop 1961 
Martin Summerfield 1962 


Andrew G. Haley, Space Law and 
Sociology 

John H. Huth, Power Systems 

Eugene B. Konecci, Human Factors and 
Bioastronautics 

Frank W. Lehan, Communications and 
Instrumentation 

Peter L. Nichols Jr., Propellants and 
Combustion 

Herman E. Sheets, Underwater Propul- 
sion 

Milton M. Slawsky, Magnetohydrody- 
namics 

Ernst Stuhlinger, Electric Propulsion 


66 Astronautics / April 1961 


TENTATIVE SCHEDULE, OF EVENTS 


Monday, October 2 


Morning—Academy of Astronautics Meeting 
IAF Plenary Session 


Afternoon—IAF Plenary Session 
Evening—IAF Opening Ceremony 
Informal Reception 
Tuesday, October 3 


Morning—Astrodynamics Roundtable 
Space Propulsion Session 


Afternoon—Structures Roundtable 
Energy Conversion Session 


Evening—Formal Reception 
Wednesday, October 4 


Morning—Space Physics Roundtable 
Combustion Session 
Institute of Space Law 


Afternoon—Space Medicine Roundtable 
Guidance Session 
Institute of Space Law 


Evening—Special Evening Program 
Thursday, October 5 
Boat Tour to Mt. Vernon 
Friday, October 6 
Morning—Space Communications Round- 
table 
Vehicles Session 


Afternoon—Instrumentation Roundtable 
Bioastronautics Session 


Evening—Banquet 
Saturday, October 7 


Open for sightseeing and possible trips to 
plants in the Washington area. 


Tentative Program Set 
For NTC on May 22-24 


A tentative program has been set for 
the 1961 National Telemetering Con- 
ference which will be held at the Sher- 
aton Towers Hotel in Chicago on May 
22-24, 

This year’s conference will have the 
theme of “Science and Education in 
Telemetry,” and is sponsored by the 
ARS, AIEE, IAS, ISA, and the IRE. 

The program, headed by Robert G. 
Brown of AC Spark Plug Div. of Gen- 
eral Motors, will have 15 technical 
sessions devoted to industrial, commer- 
cial, and space telemetry. Three 
workshop sessions will discuss Tele- 
metry Standards, Telemetry in Eu- 
rope, and Telemetry Education. 

In addition to the workshop sessions, 
there will be sessions on Industrial 
Telemetry, Transducers, Advanced 
System Techniques, Data Processing 
and Presentation, Signal Conditioning, 
Flight Test Data Systems, PCM Sys- 
tems, Underwater Measurements, Bio- 
Medical Telemetering, and RF Com- 
ponents and Techniques. 

Further details on the technical 
program will be included in the 
printed program to be sent out in the 
latter part of April. 
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Gas Deflectors for Test Structures 


Bonded silicon carbide brick and semi-circular segments 
offer great flexibility in the construction of special deflectors 
used during rocket and jet engine tests. This unique material 
resists the tremendous heat shock, flame erosion and ultra- 
high temperatures exhaust gases generate during firing. 


Rocket Nozzles and Liners 


NIAFRAX® nozzles and liners meet the severe conditions 
encountered in uncooled rocket motors. They stand up to 
extreme temperatures, heat shock and erosion for the full 
burning time. NIAFRAX parts usually good for repeated 
firings. Can be produced in intricate shapes; close tolerances. 


For High Temperature Refractories 
for Jet and Rocket Development 


.--count on 


CARBO! “Bu. 


Dept. A-41, Refractories Division, Perth Amboy, N. J. 


High Temperature Castable Cements 


ALFRAX® BI castable aluminum oxide cements offer about 
the most effective materials for insulating at temperatures up 
to 3100°F—especially at the higher end of the range. They 
show little or no shrinkage and are unaffected by atmospheres, 
combustion gases, etc. Simply mix with water and pour. 


Fused Alumina “Bubbles” for Potting Work 


These “bubbles” provide the high dielectric strength of 
electrically fused alumina. They offer light weight coupled 
with the ability to resist temperatures far above those usually 
attained. Their free-flowing characteristic gives assurance 
of easy filling and close packing into all areas. 
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ARS President Harold W. Ritchey of 
Thiokol has a word with Maj. Gen. 
Kenneth B. Hobson, 

OOAMA, at the banquet. 


commander, 


Luncheon speaker Kurt Stehling of 
NASA listens attentively to remarks by 
John P. McGovern of Thiokol, ARS 
Utah Section President. 


Peter L. Nichols of SRI takes a bow 
as Richard D. Geckler of Aerojet looks 
on in background. 


Gen. Samuel Anderson, commander of 
AMC, banquet speaker. 
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The second annual ARS Solid Pro- 
pellant Rocket Conference, held in 
Salt Lake City Feb. 1-3, was up with 
the times. The papers, with few ex- 
ceptions, reflected the interest in high- 
performance rockets for space and 
ballistic-missile applications that domi- 
nates the industry today. Seventeen 
of the 20 papers scheduled in the four 
sessions dealt with some aspect of 
bettering the rocket mass ratio. 

The classified session on Minuteman 
propulsion was exceptionally popular. 
Interest in this special session was 
sharpened by the successful flight of 
the first Minuteman vehicle at the 
same time as the conference and the 
exhibit of the “county-fair” mockup 
by the Air Force. It is hoped that the 
papers can be published and made 
available to those with security clear- 
ance and need-to-know. - 

The first session dealt with struc- 
tural problems. Max Williams of Cal- 
Tech, the session chairman, brought 
out the increased complexity of stress 
analysis with increased rocket size. 


- Wei of Curtiss-Wright and Zak and 


Ballard of Purdue Univ. presented 
papers on analysis of metal rocket 
chambers. Both emphasized the ne- 
cessity of considering more than the 
internal pressure load and discussed 
skirt joints, flight loads, and thermal 
stresses. Lianis of Purdue analyzed 
the deformation during _ horizontal 
storage of a visco-elastic propellant 
bonded to a rigid cylindrical case, 
while Weleff of Grand Central Rocket 
described an assembly technique for 
potting a spherical propellant charge 
to widen its temperature conditioning 
range. The paper by Hunter, Foster, 
and Mongum of Thiokol discussed 
some general aspects of propellant 
binder crystallization. 

In the session on manufacturing 
methods, with Dean Hanink of GM’s 
Allison Div. as chairman, Feola of Cur- 
tiss-Wright stated that 200,000 psi 
vield strength materials have been suf- 
ficiently developed and tested to be 


Rear Adm. Charles Martell, Navy R& 


Solid Rocket Conference Draws Attendance of 650 


considered “state of the art” and dis- 
cussed fabrication of 31- to 65-in. steel 
cases. The chambers, fabricated for 
both Minuteman and Pershing, ranged 
from conventional ASI 4130 sheet ma- 
terial alloys to high-performance flight 
weight cases utilizing vacuum melted 
D6AC and Tricent steel at 200,000 psi 
yield strength. Cylindrical sections 
fabricated from rolled and longitudi- 
nally welded sheet metal have been 
replaced by ring forgings and more 
recently by roll-formed cylinders, 
Dome forgings have replaced weld- 
ments to permit the machining of in- 
tegral bosses and thrust skirts. Heat 
transfer of large diameter, thin-walled 
case is presently going through transit 
from “art” to “science,” the author 
noted. 

In the same session, Crimmons of 
Aerojet presented metallurgical aspects 
of shear spinning ultra-high-strength 
steels, while Podell and Kotfila of the 
same company discussed design and 
fabrication of titanium rocket cham- 
bers. Hayes and Watanabe of Kelsey- 
Hayes Co. discussed the general as- 
pects of movable nozzles, contending 
that in the present state of the art of 
thrust vector control movable nozzles 
replace previous methods. The mate- 
rials used in movable nozzles are 
graphite and leached fiber glass and 
reinforced phenolic plastic. New man- 
ufacturing techniques are being pro- 
posed to produce structures that were 
heretofore unavailable, and these ad- 
vances should make possible great im- 
provement in reliability and efficiency 
of movable nozzles. 

The interest in very large rockets 
was noted by Voris of Thiokol in dis- 
cussing segmented vs. on-site loaded 
rockets. The author drew the conclu- 
sion that on-site loaded solid-propel- 
lant rocket engines provide more 
growth potential than segmented en- 
gines. With proper emphasis in 
future development programs on man- 
ufacturing facilities and propellants, 
extremely large on-site loaded engines 


D chief, makes a point during luncheon 
talk as Loren Morey of Hercules Powder looks on. 


| | 
| 
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will be quite feasible, he stated. 

In the session on materials, Kitchin 
of Curtiss-Wright spoke of the prop- 
erties of 20-25% nickel steels as a 
new series of ferrous alloys which ap- 
pear promising for application to solid- 
propellant rocket cases. The surge of 
interest in plastic materials for insula- 
tion and structural use in solid-pro- 
pellant rockets was noted by the chair- 
man, George R. Irwin of NRL, in 
commenting on papers of Sterry, Page, 
McKague, and Rosato. Continuous 
filament and fabric materials have 
been used extensively to form struc- 
tural members of rocket motor com- 
ponents. Glass rovings filled with 
epoxy resins have very high strength- 
to-weight ratios. Helically wound 
structures of these materials have been 
used for several years. This method 
of fabrication is well adapted to the 
construction of rocket cases. 

Some aspects of internal ballistics 
were covered by Stone of Rohm & 
Haas, Rogers of Thiokol, and Segal of 
Aerojet in the first three papers of the 
session on rocket and grain design 
problems. Armstrong of JPL spoke 
on staging solid-propellant rockets for 
spacecraft retardation, and Baxter of 
STL discussed a consumable case 
rocket motor in a paper unique for be- 
ing the result of “homework” rather 
than being produced under the spon- 
sorship of contract. The consumable 
case rocket was recommended as a 
first stage for medium-sized ICBM 
usage and as a second stage for much 
larger missiles. The consumable 
rocket does not have a case in any 
conventional sense, the propellant 
charge instead being surrounded by an 
ablative material consumed during 
rocket operation. 

The meeting, which drew an at- 
tendance of more than 650, was co- 
sponsored by the ARS Propellants and 
Combustion and Solid Propellant 
Rockets Committees. Joseph H. Mc- 
Kenna of Thiokol was general chair- 
man of the meeting, while John P. 
McGovern of Thiokol, President of the 
ARS Utah Section, was deputy gen- 
eral chairman. Richard D. Geckler 
of Aerojet was general program chair- 
man, while Loren E. Morey of Her- 
cules Powder was solid rocket program 
chairman and Peter L. Nichols of Stan- 
ford Research Institute was propel- 
lants and combustion program chair- 
man. 

—Loren E. Morey 


ARS Sacramento Section 
Sponsors Educational Council 


The ARS Sacramento Section has 
been instrumental in starting an In- 
ter-Society Educational Council in the 


Multi-aperture ion 
engine operating 
in hard vacuum. 


ULTIMA THULE, |ON PROPULSION 
AND BASIC RESEARCH AT EOS* 


The ion engine is only one of the devices under devel- 
opment at EOS that is helping to push back frontiers, 
enabling us to delve deeper into physical phenomena. 
Being developed under contract, ion rockets will provide 
practical means of propulsion —helping achieve the 
ultimate goals of space travel. 


A basic, inseparable portion of all division activities 
at EOS, research alone can supply the answers necessary 
to the completion of our advanced projects. State-of-the- 
art solutions to specific problems are relatively easy to 
provide — taking only time and manpower. We prefer to 
follow the more exacting path illuminated by combining 
basic and applied research in reaching our objectives — 
finding that the answers and information uncovered 
open broad new areas for investigation and opportunity. 


*Electro-Optical Systems presently has positions on its Tech- 
nical Staff for PHYSICISTS, ELECTRICAL ENGINEERS, 
MECHANICAL ENGINEERS who are interested in advanced 
research and development programs and are experienced in the 
areas of 

Solid State Physics 
Materials Research 

Fluid Physics 

Electronic Systems 
Energy Conversion 
Advanced Power Systems 
Elecirochemistry 
Quantum Electronics 
Re-entry Physics 


Scientists and Engineers are invited 
to contact Mr. Don Smelser at 


f= ELECTRO-OPTICAL SYSTEMS, INC. 
(@ 129 NORTH VINEDO AVENUE 
S PASADENA, CALIFORNIA 
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Central California area to increase 
interest there in science education. 
The following organizations make up 
the Charter Membership of the Coun- 
cil: Sacramento Junior Museum, 
American Society of Metals, Institute 
of Traffic Engineers, Structural Engi- 
neering Assn. of Centra] California, 
American Society of Tool and Manu- 
facturing Engineers, ASME, Gravity 
Assn. for Universal Scientific Studies, 
IAS, American Institute of Industrial 
Engineers, Society of Technical 
Writers and Publishers, Sacramento 
Valley Astronomical Society, Rocket 
Research Institute Inc., ARS, Cali- 
fornia Society of Professional Engi- 
neers, and (pending) ACS, Sacra- 
mento Geological Society, and the 
Chemical Engineers Club of Sacra- 
mento. ARS member Al Apodaca is 
temporary chairman of the Council 
(home address: 4536 Surita St., 
Sacramento, Calif.) . 


Arrowhead Section 
Co-sponsors Missile Courses 


The Norton AFB’s Employee Ca- 


reer and Development Branch and the - 


newly organized ARS Arrowhead Sec- 
tion of San Bernardino and Riverside 
counties in Calif. have conducted a 
series of courses in basic missile tech- 
nology for personnel of the Directo- 
rate, Supply and Transportation, Nor- 
ton AFB. 

The curriculum of one course con- 
sisted of the following subjects: His- 
tory of missiles, types and tactical uses, 
introduction to USAF missiles, and 
missile systems and subsystems. 

A survey course on USSR missiles 
was also presented, covering historical 
development of the Soviet missile and 


propulsion program; past, present, and 
future types and tactical uses of Soviet 
missiles; description and performance 
evaluation of the Soviet space pro- 
gram; and USSR launch-site loca- 
tions, etc. 

Instructor of both courses was Lou 
Crider of Norton AFB, who was vice- 
president of the Arrowhead Section 
last year. 


SECTION NEWS 


Antelope Valley: An_ overflow 
crowd of members and wives attended 
a dinner meeting in January to hear 
Chan Hamlin of North American Avi- 
ation speak on “Launching Super 
Spaceships.” His talk covered the 
problems of handling, transporting, 
and launching future space systems. 
Slides and a motion picture were used 
to illustrate various possibilities for 
overcoming problems associated with 
very large vehicles required for a suc- 
cessful venture into space by man. 
An added highlight to the meeting was 
the awarding of an Atlas model as a 
door prize. 

—Leslie O. Harrington 


Central Colorado: The January 
meeting was held on the campus of 
Colorado Univ. in combination with a 
winter seminar prepared by our local 
ARS Education Committee under the 
chairmanship of T. Bradley. Approxi- 
mately 450 people attended. The 
meeting started with four panel dis- 
cussions, held from 3:00 to 5:30 p.m., 
on the following topics: 


Propellants & Propulsion Systems. . 
Moderator, E. Ring 


Vehicle Configurations........... 
Moderator, J. Burridge 

Guidance and Control........... 
Moderator, R. Crandell 

Performance & Flight Mechanics. . 
Moderator, L. Soderberg 


The evening session, held at the 
University Memorial Center between 
7:00 and 10:00 p.m., featured guest 
speaker George P. Sutton, manager of 
advanced design for Rocketdyne. His 
topic was “Future Propulsion Systems 
for Interplanetary Flight.” In conclu- 
sion to his comprehensive review of 
propulsion state of the art and future 
potentials, Sutton pointed out that 
space technology is changing so rap- 
idly that only by continuing study can 
engineers and scientists hope to keep 
abreast of the latest knowledge in their 
fields or specialties. Industry today 
needs, he said, the superior technical 
individual and not the “organization 
man.” The former people are the 
ones that he feels will be making the 
necessary contributions to advance the 
state of the art. 

Al Africano, twice past president of 
ARS, was a panelist as well as an at- 
tendee at this meeting. 

—Jonathan E. Boretz 


Columbus: Sixty members and 
guests attending the February meeting 
at Battelle Memorial Institute saw two 
movies, “The Nautilus” and “The 
Geiger Tigers,” and heard guest 
speaker Russell Edwards of GE Flight 
Propulsion Laboratory at Evendale, 
Ohio, describe  electrical-propulsion 
systems, ion propulsion in particular. 
Edwards stated that GE developed the 
first ion engine in the U.S. in 1958. 
Uses and advantages of ion propulsion 
and its application to space vehicles 
were discussed. Slides highlighted his 


1961 ARS Meeting Schedule 

Date Meeting Location Abstract Deadline 
April 4-6 Lifting Re-entry Vehicles: Structures, Materials, Palm Springs, Calif. Past 

and Design Conference 
April 26-28 Propellants, Combustion, and Liquid Rockets Conference Palm Beach, Fla. Past 
May 3-5 Space-Nuclear Conference Gatlinburg, Tenn. Past 
May 22-24 National Telemetering Conference Chicago, III. Past 
June 13-16 National IAS-ARS Joint Meeting Los Angeles, Calif. Past 
Aug. 7-9 Guidance and Control Conference Palo Alto, Calif. Past 
Aug. 16-18 International Hypersonics Conference Cambridge, Mass. Past 
Aug. 23-25 Biennial Gas Dynamics Symposium Evanston, III. Past 
Oct. 2-7 XIIth International Astronautical Congress Washington, D.C. May | 
Oct. 915 ARS SPACE FLIGHT REPORT TO THE NATION New York, N.Y. April 15 
Send all abstracts to Meetings Manager, ARS, 500 Fifth Ave., New York 36, N.Y. 
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Bourns Offers Total Transducer Capability NUMBER 14— INSTRUMENT SERIES 


Bourns offers you the full spectrum of transducer capabilities— 
research, development, production, quality control and environ- 
mental testing. From concept to completion, Bourns maintains 
rigid surveillance over the manufacture of every part of every 
instrument. 

Need transducers for position? Pressure? Acceleration? Bourns 
can fill your order for 10 units or 1000, each instrument con- 
forming exactly to your requirements, each nekrunent delivered 
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i 


Pioneers in transducers for position, pressure, seceleration. Exclusive = seroma and manufacturers of Trimpot® potentiometer’ 


with a detailed certificate of inspection and calibration. Unusual 
problem? Bourns engineers, credited with many of the indus- 
try’s most notable innovations, will provide a solution that meets 
your specs, your budget and your deadline—a solution backed 
by an 11-year record of reliability in virtually every major U.S. 
missile and space program. 


Write for new instrument summary brochure. 


MODEL 609 
\ ACCELEROMETER | 


Inc. INSTRUMENT DivVigta 
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presentation, and an active question 
and answer period followed. 
—James A. Laughrey 


Connecticut Valley: A joint dinner 
meeting of the local ARS and IAS sec- 
tions was held in February at the 
Bradley Airport Terrace Room, and an 
excellent turnout of members voted for 
more joint meetings in the future. The 
principal speaker of the evening, 
Milton B. Trageser, assistant director 
of the MIT Instrumentation Labora- 
tory, was introduced by H. E. Francis, 
president of the ARS Connecticut 
Valley Section and vice-president of 
the local IAS section. 

Trageser spoke on a topic obviously 
near and dear to his heart, “A Re- 
coverable Interplanetary Space 
Probe.” He described how a 342-lb 
instrumented probe would make a 3-yr 
round trip to Mars, for example, take 
a single photograph at a height of 
about 5000 mi and return to a 1-mi 
target area on earth. His nine years 
of experience in the field of self-con- 
tained guidance and control systems, 
together with his work on this project 
for the past two years, stood him in 
good stead during a lively question 
and answer period. 


—C. F. Turner 


Kansas City: In January, the Sec- 
tion met jointly with the local section 
of the IAS, 42 members of the two 
societies enjoying a social hour and 
chicken dinner at the Wishbone Res- 
taurant and approximately 30 addi- 
tional members joining them in the 
post-dinner program to hear R. A. 
Fitzgerald of McDonnell Aircraft pre- 
sent an excellent illustrated talk on 
Project Mercury. 


National Capital: The Section be- 
gan its operations for 1961 with a new 


The Data Goes Round and Down 


“Project Mercury Computing and Data Flow” was the subject of a recent talk 
to the new ARS Atlanta Section by James H. Turnock Jr, project manager of 
IBM’s Project Mercury work, which includes programming and operation of 


real-time trajectory computations and telemetry analysis. 


Shown chatting with 


Dr. Turnock (center) after his talk are, from left, Atlanta’s program chairman 
J. W. Tatom; secretary A. P. Pennock; president R. B. Ormsby Jr.; and publicity 


chairman H. A. Curth. 


slate of officers comprised of Andrew 
G. Haley, president; Hunter C. Harri- 
son, vice-president; Richard A. Car- 
penter, treasurer; and J. Gordon Vaeth, 
secretary. The January meeting fea- 
tured as guest speaker Robert L. 
Krieger, director of NASA’s Wallops 
Island Station, who described this in- 
stallation and its mission. He related 
its progress since its inception, and 
pointed out a number of other systems 
that have developed as a result of 
NASA’s original efforts at Wallops. 
The importance of Wallops to the na- 
tional space program was clearly evi- 
dent from his description of its func- 
tions. 


An attendance of more than 500 
marked the Section’s panel discussion 
of “The Outlook for Manned Space 
Vehicles,” held on the evening of Feb. 
21 at the Interdepartmental Audito- 
rium of the Labor Dept. building. The 
panel, introduced by Section President 
Andrew G. Haley, was moderated by 
Theodore von Karman, director of 
AGARD, and included Rear Adm. 
Thomas F. Connolly, Bureau of Naval 
Weapons; Alfred Mayo of NASA’s 
Office of Life Science Programs, AAS 
president; Harold W. Ritchey of Thio- 
kol, ARS president; H. Guyford Stever 
of MIT, IAS president; and Eugen 
Sanger, director of the Stuttgart Re- 


An Outlook for Manned Space Vehicles 


Theodore von Karman, director of AGARD, presides over a distinguished panel discussing the outlook for manned space 


vehicles at a recent meeting of the ARS National Capital Section. 


Introduced by Andrew G. Haley, National Capital 


president, at the far left, the panel members are, left to right, H. Guyford Stever, IAS president; Alfred Mayo, AAS presi- 
dent; Dr. von Karman; Eugen Sanger, director of the Stuttgart Research Institute for Rocket Propulsion Physics; Rear 
Adm. Thomas F. Connally, USN, asst. chief of the Navy Bureau of Weapons for astronautics and Pacific Missile Range 
operations; Harold W. Ritchey, ARS president; and H. C. Harrison, National Capital vice-president. 
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search Institute for Rocket Propulsion 
Physics and president of the German 
Rocket Society. Each of the panel 
members presented a short paper on 
the subject, and these presentations 
were followed by discussion and ques- 
tions from the audience. 

—J. Gordon Vaeth 


New England: The Section held 
its first 1961 meeting in January at 
the Arthur D. Little Center, Acorn 
Park, Cambridge, Mass. Some 100 
members and guests heard featured 
speakers Donald S. Allan, group 
leader, and Winslow A. Sawyer, proj- 
ect manager, both with A. D. Little, 
discuss “Hazards of Liquid Hydrogen 
—The Workhorse Fluid of Space,” a 
report on investigations to establish 
safety criteria for storage and hand- 
ling, quantity-distance relationships, 
vapor-cloud dissipation, thermal-radi- 
ation hazards, and explosive yields. A 
film showing tests, including spill and 
ignition of 5000-gal quantities of 
liquid hydrogen at Otis AFB, com- 
plemented their discussion. 

—L. R. Michel 


Northern California: The regular 
February meeting, attended by 75 per- 
sons, 12 of which were from the Navy 
Postgraduate School, Monterey, Calif., 
heard guest speaker Y. C. Lee, presi- 
dent of the new Douglas subsidiary 
Astro Power, Inc., discuss “Propulsion 
Systems—Present and Future.” Lee 
described the current “performance 
kick” of the rocket industry and pre- 
sented a convincing argument for 
added emphasis on cost reduction and 
improved reliability. He recognized 
that a tradeoff of performance may be 
necessary to realize the cost and re- 
liability objectives, but speculated that 
notwithstanding this the next decade 
will see specific impulses of 500 sec at 
operating pressures up to 4000 psi 
with single engines capable of 4-5 
million pounds of thrust. 

During the question period follow- 
ing his opening remarks, Lee explained 
the anticipated roll of Astro Power, 
Inc. Its ambitious task, he said, in- 
cludes development of throttleable, 
high-energy liquid-propellant engines 
and research of advanced nuclear and 
electrical-propulsion concepts. 

—Robert O. Webster 


North Texas: The Section held its 
annual meeting in Fort Worth in Jan- 
uary. Guest speaker Edward Gold- 
berg, manager of space-vehicle systems 
for RCA, presented a discussion of the 
Tiros II satellite meteorological system. 
Movies of the Tiros program were 
shown and photographs of the earth’s 
cloud cover obtained from Tiros I 
were presented. Mr. Goldberg an- 
swered questions on some of the de- 


Christiaan Huygens 
1629-1695 


The Dutchman who could 
WALK THROUGH WALLS 


For Christiaan Huygens the barrier 
between “pure” and “applied” re- 
search was as insubstantial as a 
rainbow. He made an_ intensive 
study of the theory of probabilities. 
He invented the pendulum clock. 
He perfected the telescopic lens. He 
made monumental contributions to 
geometrical optics and to “pure” 
light-wave theory. 


The freely ranging imagination of 
an orderly mind in a stimulating 
intellectual climate has a way of 
dissolving artificial barriers. It hap- 
pens every day in Los Alamos. 


For employment information write: 
Personnel Director Division 61-33 


ALAMOS 
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tails of the program. 

At this meeting the 1961 officers 
were presented and Ronald E. Krape 
assumed the duties of Section Presi- 
dent. 

Greater Philadelphia: In January, 
Naval Air Material Center’s Air Crew 
Equipment Lab in Philadelphia was 
host to the Greater Philadelphia Sec- 
tion, which was newly formed by 
merging the old ARS Philadelphia and 
Valley Forge Sections. Newly elected 
officers of Greater Philadelphia are 
Logan B. Cowles, president; Charles 
Stokes, vice-president; Bernard Cohen, 
secretary; and Robert Kirby, treasurer. 

Approximately 120 members at- 
tended a dinner before the meeting at 
ACEL. During dinner, Capt. Roland 
A. Bosee, USN, director of ACEL, and 
Edwin Hendler, superintendent of its 
Life Sciences Research Div., described 
the mission of ACEL and its technical 
relationships with other laboratories as 
well as ones at NADC, Johnsville. 

Then, later, at an Environmental 
Stress Branch demonstration, members 
were shown how temperature measure- 
ments are made on a heat-stressed sub- 
ject in an exposure suit and flight gar- 
ments. Edmund Gifford of the Hu- 
man Engineering Branch, an ARS 
member, showed how anthropometric 
measurements are made of reach 
measurements of a subject wearing a 
Navy full-pressure suit in the ACEL 
flexible cockpit. He also explained 
the use of various vision-study appa- 


ratus, including spectrophotometers 
and tachistoscopes. 
As an added attraction, Cmdr. 


Robert L. Burdick, USN-MC, deputy 
director of ACEL, presented a movie 
on the stress effects of oxygen depriva- 
tion as measured in experimental sub- 
jects in ACEL altitude-chamber tests. 
Dr. Burdick also described electronic 
apparatus designed to measure stress 
effects on pilot motor-performance and 
judgment. 

— Arnold Koch 


Princeton: The February meeting 
was opened by Section President Sid- 
ney Sternberg introducing guest 
speaker for the evening, James D. 
Hardy, director of research at the 
Navy’s Aviation Medicine Accelera- 
tion Laboratory in Johnsville, Pa. 

After describing some of the prob- 
lems and objectives in making man’s 
journey through space as safe as pos- 
sible, Dr. Hardy emphasized the dif- 
ficulties faced by man in a weightless 
state and when exposed to high G 
at the extraordinary high speeds of 
spacecraft. He described develop- 
ment of G suits, advances to the pres- 
ent contour couch for the astronaut, 
and protection by water immersion. 
Also, flight simulation and extensive 
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One Reason Why 
It’s All Worthwhile 


Harvey Cook, left, president of the 
ARS Tennessee Section, discusses the 
formation of an ARS student chapter 
with, to his left, Wolfhart Goethert, 
William Cathey and Mickey McCrory, 
engineering students at the Univ. of 
Tennessee. 


tests in the Navy centrifuge were 
shown in a special film. 

The meeting was reluctantly ad- 
journed after the speaker was rescued 
from the many questions his discussion 
stimulated in the audience of approxi- 
mately 85. 

—H. M. Gurin 


Tennessee: Guest speaker at the 
January meeting was Mark Ghai, man- 
ager of the Electrical Space Propulsion 
Section of the GE Flight Propulsion 
Laboratory. Dr. Ghai discussed elec- 
trical-propulsion methods which might 
be used for various space missions, 
such as orbit transfers and lunar and 
Martian orbits. Some of the propul- 
sion methods discussed were the elec- 
trothermal (arc-jet) rocket, the elec- 
trostatic (ion) rocket, and the electro- 


Success for the Future 


(MHD © or 


magnetic 
rocket. 

The February meeting was held on 
the evening following the first success- 
ful Atlas-Mercury test launch, and a 
very interesting and apropos presen- 
tation on “The Design Operation of 
the Mercury Capsule” was presented 
by Frank Morgan, McDonnell Air- 
craft’s representative for all NASA 
projects. He began by discussing 
some data from the previous day’s 
flight and from the successful flight 
of “Ham, the Astro-Chimp,” then out- 
lined the basic requirements and ob- 
jectives of the Mercury program, and 
described associated tests and engi- 
neering problems encountered and 
methods of solution. His presentation 
was concluded by a short movie about 
the Mercury program, followed by a 
question and answer session. 

The Education Committee of the 
Tennessee Section has started a series 
of weekly lectures on space sciences 
for local high school students. The 
series was arranged to introduce in- 
terested students to the wide variety 
of professional careers in the space 
field. The initial topics and speakers 
are: “Space Travel and Trajectories,” 
Robert Dietz; “The IGY and Satel- 
lites,” Art Hinners; “Human Survival 
in Space,” Phil Rubins; “Space Propul- 
sion—Nuclear and Other,” Andy Len- 
nert; and “Space Guidance and Navi- 
gation,” Ralph Billings. 

—Thomas J. Gillard 


Utah: In January, the Section held 
an installation dinner at the Hotel 
Utah in Salt Lake City which was at- 
tended by 100 members and guests, 
including these guests of honor: 
George D. Clyde, governor of the 
State of Utah; Ray Olpin, president of 
the Univ. of Utah; John Higginson, 


plasma-jet ) 


New president of the ARS Utah Section, John P. McGovern, with the bow tie, 
accepts good wishes for his term in office from his predecessor, Joseph H. Mc- 
Kenna, while Utah’s Governor, George D. Clyde, and Bishop Joseph L. Federal 
of the Salt Lake City Diocese look on approvingly during a recent installation 


meeting of the Section. 
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general manager of Thiokol’s Utah 
Div.; Edward Nauman, general man- 
ager of Thiokol’s Wasatch Div.; John 
Greer, general manager of Hercules 
Powder Co.; and Donald Tasker, gen- 
eral manager of the Marquardt Corp. 

Guest speaker of the evening was 
Edward Flesh, engineering manager 
of Project Mercury at McDonnell Air- 
craft Corp. His discussion included a 
history of the “man in space” program, 
the philosophy behind putting a man 
in space, and the technology of the 
Mercury space capsule. He used 
slides showing the trajectory to be 
followed by the first Mercury capsule 
flights and also explained the metal- 
lurgical breakthroughs that were re- 
quired in the construction of the light- 
weight capsule. 

The guest speaker for a meeting 
held late in February was John N. 
Sherman, Space Programs Superin- 
tendent, Chemical Propulsion Div., 
Hercules Powder Co. topic 
was “Space Applications of Solid-Pro- 
pellant Rockets.” The advantages 
of solid-propellant rockets—reliability, 
simplicity, low cost, reproducibility, 
high performance, and flexibility—were 
discussed. Sherman went into the 
history of the Scout program, a brief 
discussion of the four stages—Algol, 
Castor, Altair, and Antares—and how 
this particular rocket demonstrated the 
advantages of solid-propellant rockets. 
The use of a Scout rocket to place a 
12-ft Mylar balloon in orbit Feb. 17 
was a milestone for solid-propellant 
rockets, he believes. An NASA movie 
on the Scout Program and system con- 
cluded his evening’s presentation. 


Wichita: The initial 1961 dinner 
meeting was held in the Boeing Air- 
plane Co. cafeteria jointly with the 
local IRE section. Approximately 
170 ARS and IRE members and guests 
were present to hear guest speaker 
Sol Matt, manager of systems engi- 
neering for GE’s Light Military Elec- 
tronics Div., discuss during a classified 
session missile guidance. 

—C. M. Long 


STUDENT CHAPTER 


Univ. of Washington: At the reg- 
ular January meeting, the Chapter 
heard guest Francis Reynolds of Boe- 
ing discuss Dynasoar. Among the 
many interesting features described 
was the instrument panel: It was ex- 
plained how temperatures are deter- 
mined and presented to the pilot and 
how he is kept informed of his loca- 
tion. Reynolds’ talk was especially 
interesting, and many stayed after 
the meeting to discuss Dynasoar fur- 
ther. 

A joint meeting with the local IAS 
chapter was held later in January. 
Our speaker was Allen J. McMahon 


= 
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Radar Transmitter FPS-35 
Forthe =the AN/FPS-35 Radar Search Set is an 
security | integral part of America’s security defense 
of our network. This massive sentinel stands in 
nation __ vital areas protecting the nation. 


needs. 


FXR is the designer and developer of the Line Modulator, 
the key block in the transmitter complex. High level engi- 
neering combined with complete precision facilities pro- 
duced the answers to the unique problems encountered. 


Solutions to the most exacting specifica- 
tions are the foundation of FXR’s service 
in High Power Electronics. The solution to 
your particular problem is but a phone 
call away. Just call and ask for an FXR 
applications engineer to discuss your 


FXR, Ine. 


Design * Development * Manufacture 


25-26 50th STREET @ RA. 1-9000 
WOODSIDE 77, N. Y. ~ TWX: NY 43745 


ATLANTIC RESEARCH CORPORATION IS 


the largest independent R & D organization in the 
Washington, D. C. area, active in all phases of solid 
propellant rocketry and propulsion systems from basic 
research on combustion to the manufacture of shelf 
items, has a number of openings at our production 
plant, Pine Ridge, 35 miles west of Washington, D. C. 


Quality Control Engineer 


To work with Rocket Test Supervisor 
at solid propellant production, rocket 
assembly and testing facility. In- 
spection of raw materials, in-process 
and final articles; supervision of radio- 
graphic laboratory. B.S., M.S., en- 
gineering or science, 2-5 years of 
industrial QC experience preferably in 
military or rocket field. 


Rocket Assembly Supervisor 


To supervise solid rocket motor as- 
sembly operetions, including personnel 
training, production scheduling, pro- 
curement, cost analysis and reduction, 
methods study, and anticipation of future 
business trends requiring expanded fa- 
cilities. Maintain a proper working 


relation with suppliers, as well as intra= 


and inter-divisional personnel. B.S., 


M.S. in engineering with 5 years’ me- 
chanical and production experience. 


Rocket Test Engineer 


To manage the solid propellant rocket 
test and evaluation facility at Pine 
Ridge, including static test scheduling, 
direction, and personnel supervision 
for in-house test rockets and customer 
units. Constant checkup of _instru- 
ments for alignment and calibration 
accuracy; cooperation with rocket 
development project engineers; col- 
lection and evaluation of ballistic 
data with computation group; some 
new equipment design. B.S. or M.S. 
in M.E., Ch.E., or E.E., aptitude in 
mechanics and electronics, and con- 
siderable experience in production 
and electronic measuring instrumente- 
tion. 


All our staff requirements are for permanent positions 
offering you the opportunity to contribute to our 


expansion and your future. 


If you are interested in 


one of the above openings, or wish to find out where 
your talents might be used, send a resume of your 
academic and professional background, age, and salary 


requirements to: 


Clarence H. Weissenstein, Director 
Technical Personnel Recruitment—ARS 


ATLANTIC RESEARCH CORPORATION 


Shirley Highway at Edsall Rd., Alexandria, Virginia 
(suburban Washington, D. C.) 
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of Space Technology Laboratories, 
who spoke on “Past Accomplishments 
and Future Plans for Space Explora- 
tion.” McMahon emphasized satel- 
lite projects having the chance of be- 
coming self-supporting and profitable. 
These he grouped into three main 
classifications: Communication, tran- 
sit (for navigation), and weather 
satellites. He also discussed the in- 
formation obtained from Explorer VI 
and Pioneer V and outlined plans for 
future satellite research. 

At a regular meeting in February 
Joseph Marcella of Boeing spoke on 
“Ground Support for Minuteman.” 
Marcella first discussed how the devel- 
opment of such a vast system is or- 
ganized in such a way that develop- 
ment can proceed in a logical fashion. 
Then he went into as much detail as 
permitted on the construction of the 
launch-control facility, the launch 
facility, and means of transporting 
the missile. 

—Patricia L. Blake 


TECHNICAL COMMITTEES 


Hypersonic air-breathing — propul- 
sion has been enjoying a strong up- 
surge of interest, and the ARS Ram- 
jet Committee, chaired this year by 
W. H. Avery of the Applied Physics 
Laboratory, John Hopkins Univ., is 
looking forward to the opportunity to 
establish and encourage widespread 
appreciation of the potentialities of 
ramjets for high-speed flight. 

The work of the ARS Ramjets Com- 
mittee for 1961 will include as _pri- 
mary objectives the organization of 
a classified program on orbital planes 
and hypersonic propulsion for the 
joint [AS-ARS national meeting, to be 
held in Los Angeles in June, and an 
unclassified series of papers on ram- 
jets and a state-of-the art report for 
the SPACE FLIGHT REPORT TO 
THE NATION, to be held at the 
Coliseum in New York, October 9- 
15. The Committee has also dis- 


CHANGE-OF-ADDRESS NOTICE 


In the event of a change of address, it is necessary to include both your old and new addresses, 
as well as your membership number and coding, when notifying ARS Headquarters in order to 
insure prompt service. If you are moving or have moved, send the following form to Membership 
Dept., American Rocket Society, 500 Fifth Ave., New York 36, N.Y. 


cussed the possibility of a specialists 
meeting on ramjets for 1962. 

A national program of energy-con- 
version research will be a chief ob- 
jective of study for the ARS Power 
Systems Committee during 1961, and 
the subject of a proposed roundtable 
discussion at the SPACE FLIGHT 
REPORT TO THE NATION. The 
Power Systems Committee does not 
plan formal sessions for the joint IAS- 
ARS national meeting, but expects to 
present two sessions at the SFRN on 
the state of the art of advanced en- 
ergy-conversion systems. ¢ 


Precision Measurement and 
Calibration Handbook Out 


A compilation of the more important 
National Bureau of Standards _publi- 
cations over a number of years has 
recently been issued under the title, 
Precision Measurement and Calibra- 
tion, Handbook 77, in three volumes, 
available from the Supt. of Documents, 
GPO Washington 25, D.C.:  Elec- 
tricity and Electronics (845 pages, 
$6.00); Heat and Mechanics (965 
pages, $6.75); and Optics, Metrology, 
and Radiation (1025 pages, $7.00). 


Vitro Labs Developing 
Missile Reliability Formulas 


Under Bureau of Weapons contract, 
Vitro Laboratories of Silver Springs, 
Md., will reduce Navy guided-missile 
reliability prediction to standard for- 
mula. Key factors involved in de- 
veloping this standard procedure in- 
clude the number of parts involved, 
environments affecting parts, length of 
time the system must work, and the 
state of the art of equipment. Reli- 
ability will be expressed as a percent- 
age. 


Membership Card No. 


Old Addr 


Coding 


New Addr 


76 Astronautics / April 1961 


Snap Prototype Completes 
Operational Ground Tests 


The prototype of the nuclear reactor 
for the Snap II, VIII, and X systems 
(see Dec. 1960 Astronautics) has suc- 
cessfully completed operational 
ground testing. Developed by NAA’s 
Atomics International Div. for the 
AEC, the prototype is expected to be 
flight-tested in the Snap 10 system in 
1962 or 1963. The Snap X system 
employs a thermoelectric converter, 
and produces 1-2 kw. The prototype 
reactor made a 1000-hr run at design 
conditions in 1960. 


Trailblazer Il Space 
Probes Scheduled 


AUXILIARY 
RECRUITS 


TRAILBLAZER II 


Diagrammed above, the Trailbrazer II 
space research vehicle, originated by 
NASA-Langley’s flight physics group, 
and now being used by MIT’s Lincoln 
Laboratory in the ARPA Defender re- 
entry research program, will be de- 
veloped and built in number by At- 
lantic Research Corp. for MIT, the 
first vehicle being scheduled for op- 
eration this spring. NASA-Langley 
will monitor the development. Two 


of the rocket’s four stages boost up, 
two down, giving a spherical re-entry 
body a high downward velocity that 
is increased to 25,000 fps (orbital 
figure) by a small solid rocket in the 
sphere. 
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1AS-ARS Joint Meeting Set 
(CONTINUED FROM PAGE 23) 


line the sessions for the meeting look 
as follows: 


Tuesday, June 13 


9:00 a.m. 

Electrical Propulsion I 

Air Transport Logistics 

Planning for Success in the One-Shot Mis- 
sion 

Progress Status Report on Polaris Weapons 
System 

LUNCHEON 

2:00 p.m. 

Electrical Propulsion II 

Advanced Transports 

Instrumentation for Space 

Earth Landing and Re-entry Problems 


7:30 p.m. 


YTOL Systems 


Operations Support Equipment 
Propellants and Combustion a 
Program Status Report on Titan ICBM 


Wednesday, June 14 


9:00 a.m. 

Digital Computer Applications] 
Astrodynamics I 

Space Operations and Maintenance 
Orbital Aircraft 

LUNCHEON 

2:00 p.m. 

Structures and Materials 
Astrodynamics II 

Space Physiology and Performance 
Advanced Chemical Propulsion 
7:30 p.m. 

Space Law (Tentative) 

Space Physics (Tentative) 
Deep-Space Vehicles 

Liquid Rockets 


Thursday, June 15 


9:00 a.m. 

Communication Satellite Systems 

Auxiliary Systems 

Space Mission Simulation 

Advanced Airbreathing Propulsion |Systems 

2:00 p.m. 

Communications and Instrumentation 

Attitude Control of Space Vehicles and 
Satellites 

Aerodynamics 

Military Applications of Space Vehicles 


BANQUET AND DANCE AT THE 
COCONUT GROVE 


Friday, June 16 
Underwater Propulsion Program at NOTS 


PROGRAM CHAIRMAN 


ENGINEERS 


Send us your telephone number . . . it could 
mean a Connecticut or Florida future! 


| am interested in receiving more information concerning Pratt & Whitney Aircraft career opportunities 
in Connecticut or Florida. My experience has been in the following fields: 


C] Power Plant System Analysis C] Project Material Control C] Applied Physics 
Power Plant Test Engineering Structural Analysis Heat Transfer 
High Temperature-Elect.-Mach. Numerical Analysis Nuclear Engineering 
C] Instrumentation & Control [] Reactor Shielding [] Gas Dynamics 
Technical Report Writing Mechanical Design Quality Control 

C] Rocket & Turbojet Control Systems Test Engineers 


Total years of engineering experience......... 

Most convenient time to call would be between.......... 


Pratt & Whitney offers unusual opportunities for 
engineers and scientists to work on advanced pro- 
pulsion system development programs. 


You can discuss these advanced projects with our 
engineering supervision on a confidential basis—in 
the privacy of your home. Mail the coupon above— 
we may want to telephone you. You will get the 
facts about engineering opportunities at our Florida 
Research and Development Center, East Hartford, 
Connecticut facility and our Connecticut Aircraft 
Nuclear Engine Laboratory (CANEL), Middle- 
town, Connecticut. 


If you are looking toward tomorrow, mail this 
coupon today to: 


Mr. P.R. Smith Mr. J. W. Morton Mr. L. T. Shiembob 
Office 70 Office 70 Office 70 
Pratt & Whitney Aircraft or: Pratt & Whitney Aircraft or: CANEL 


366 Main Street West Palm Beach Box 611 
East Hartford 8, Conn. Florida Middletown, Conn. 


DIVISION OF UNITED AIRCRAFT CORPORATION 
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Underwater Propulsion 
(CONTINUED FROM PAGE 39) 


pound of lithium is much greater at 
this temperature than at higher tem- 
peratures. 

The bottom two graphs shown be- 
low, give the results of similar calcu- 
lations for the sodium-water system. 
The maximum specific energy is pro- 
duced at a mixture ratio of about 2, 
which again corresponds to combus- 
tion temperature of about 850 K. The 
second maximum, at a mixture ratio 
of 5, is a result of the heat of solution 
of sodium hydroxide, which is realized 
only when liquid water is present in 
the reaction products. 

The lithium system produces five 
times as much energy per pound of 
fuel as the sodium system. Assuming 


a turbine operating with 50% effi- 
ciency at a 20-to-1 pressure ratio, the 
lithium-water system has a_ specific 
fuel consumption of 1.5 lb per shp-hr, 
while the sodium system requires 7.6 


Ib per shp-hr. Obviously the lithium 
system is more efficient and would be 
preferred in any final application. 
Much of the experimental work was 
done with sodium, however, because 
of its much lower cost, lower melting 
point, greater reactivity, and general 
similarity to lithium. 

The experimental phase of the in- 
vestigation was conducted in small 
rocket-motor test cells, such as the one 
shown on page 79, equipped with 
stands capable of measuring up to 
3000-Ib thrust. Most of the tests were 
made at about 200-lb thrust, equal 
to about 600 jet-HP. The sodium or 
lithium was melted in a stainless-steel 


Performance Studies 


liner inside a steel pressure vessel. 
Electrical-resistance heaters were in- 
stalled between the walls of the two 
tanks, and the fuel lines and valves 
were also heated to prevent the molten 
metals from solidifying before entering 
the combustion chamber. Helium was 
the inert gas used for pressurizing the 
fuel tank, because lithium, especially, 
reacts quite rapidly with nitrogen at 
elevated temperatures. Compressed 
air was used to pressurize the plastic- 
lined steel tanks which contained the 
synthetic sea water serving as oxidizer 
and diluent in these combustion tests. 
The water flow-rate, tank pressure, 
chamber pressure, and thrust were 
measured directly, with more-or-less 
standard instrumentation. The fuel 
flow-rate was calculated from the dura- . 
tion of the test and the net weight of 
sodium or lithium consumed. Toward 
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Gas-generator performance vs. mixture ratio for lithium- 
water system (pressure ratio 20.4). 
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Combustion and exhaust temperature vs. mixture ratio for 
sodium-water system (pressure ratio 20.4). 
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Gas-generator performance vs. mixture ratio for sodium- 
water system (pressure ratio 20.4). 
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the end of the program, cavitating ven- 
turies were used very successfully to 
provide a constant flow of both fuel 
and oxidizer, irrespective of the com- 
bustion-chamber pressure. 

Many different types of injectors 


Test cell set-up. 


were investigated early in the program. 
A fuel-on-oxidizer multiple-impinging 
jet injector with an enzian-ring splash 
plate, illustrated below here, showed 
considerable promise, but the small 
fuel orifices became clogged quite 
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Multiple-impingement injector. 


Sodium-water gas generator with hollow cone fuel and 


tangential water injectors. 


ENZIAN RING 


FUEL 


WATER OWFICES 
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REVERSE WATER SPRAY 
cone) 


COMBUSTION CHAMBER 


LITHIUM SEAWATER SYSTEM 


Lithium-water gas generator with reverse water spray. 


easily by foreign material or cooling in 
the fuel passages. Also, a small mis- 
alignment or deviation of the jets 
would cause a rapid burnout if the 
molten fuel hit a steel part before re- 
acting with the water. 

The final design of the combustion 
chamber, in the bottom photo, coped 
with these two problems by using a 
single fuel orifice with a swirler to 
produce a hollow-cone spray. A series 
of tangential orifices formed a moving 
water wall for the fuel to impinge upon 
and at the same time protected the 
steel parts, since there was always 
water between the fuel and the cham- 
ber wall. An enzian ring forced the 
excess water away from the wall into 
the hot flame core, which promoted 
mixing and the more rapid attainment 
of the equilibrium temperature in the 
downstream portion of the combustion 
chamber. 

This design worked very well with 
sodium, but with lithium it required a 
modification. Because of the lower 
reactivity of lithium and the higher 
proportion of water needed to obtain 
the same final temperature, part of the 
water was introduced through a sepa- 
rate injector counter to the main flow, 
as shown in the bottom drawing on 
this page. This created a hotter pri- 
mary reaction zone, and also produced 
the more vigorous mixing required by 
the larger quantity of diluent water. 

Several hundred combustion tests 
were made in the course of this investi- 
gation, most of them at chamber pres- 
sures between 250 and 350 psi, yield- 
ing 400 to 600 jet-HP. Many of the 
tests lasted only 20 to 30 sec—long 
enough to evaluate combustion- 
chamber design changes and mixture- 
ratio variations. A smaller number of 
tests ran 2 to 3 min to check the 
endurance of otherwise proven de- 
signs. 

The impinging-jet injectors had a 
combustion efficiency of about 80%, 
as determined by the ratio of measured 
to theoretical characteristic velocity 
(c). The injector that sprayed a hol- 
low cone of fuel against a curtain of 
water gave about 90% of theoretical c, 
and the counter-flow water spray, 
added in adapting the system for 
lithium, increased the combustion effi- 
ciency to about 95%. 

This system has certain obvious in- 
herent disadvantages, such as fuel pre- 
heating, the nature of the reaction 
products, and low density, which re- 
duces performance considerably on a 
volume basis. But in certain applica- 
tions, where specific fuel consumption 
is of primary importance, these 
troublesome aspects can probably be 
tolerated, and the use of molten 
lithium as a water-reactive fuel can re- 
sult in a superior propulsion system. 

o¢ 
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New Shapes for Glass Fibers 


(CONTINUED FROM PAGE 35) 


Along with the increase in emphasis 
on improved structural properties for 
missile and space-vehicle applications, 
there have been a number of im- 
provements in the characteristics of 
plastic materials themselves. New 
resins such as the epoxy types have 
been developed. New forms of high- 
modulus fabric reinforcement, uni- 
directional webs, and specially treated 
rovings have been offered. A variety 
of auxiliary agents for improving the 
interaction between glass and resin 
are now available. Techniques such 
as filament winding have become im- 
portant. Resin treatment of freshly 
spun fibers shows promise. A new 
type of glass with almost double the 
modulus of earlier materials has also 
recently become available. 

Are all of these developments, how- 
ever, most suitable for flight structures? 
Or is cost still directing the evolution 
of plastics technology? 

If an analysis is made to evaluate 
the relative merits of improvements 
in various properties of materials for 
missile and space-vehicle structures, 
two not surprising (but not self-evi- 
dent) results appear: (1) Of primary 
importance to the vehicle is its struc- 
tural weight, and (2) the property 
that more significantly than any other 
influences the structural weight is the 
material density. Clearly these con- 
clusions do not mean that improve- 
ments in strength or stiffness are not 
valuable, since advantage can often 
be taken of them to provide weight 
reduction. More weight can gen- 
erally be saved, however, by a de- 
crease in density with no loss in 
strength than by a corresponding in- 
crease in strength with no increase in 
density. 

Density decrease is most effective 
for increasing the structural efficiency 
of thin compression members, such 
as occur in many places in the shells 
of boost vehicles. Surprisingly, little 
effort has been aimed directly at the 
reduction of material density. Noting 
that structural plastics especially need 
improvement in compression, as they 
have not shown here the favorable 
strengths that they have in tension, 
we conclude that an important new 
direction is toward density reduction 
without a_ corresponding loss in 
strength, particularly for compressive 
loadings. 

The high strengths already achieved 
by currently available plastics are the 
culmination of a number of tech- 
nological developments which also 
yield clues about likely further de- 
velopments. What are some of the 
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factors contributing to the success of 
present reinforced plastics and possible 
improvements in them? 

The high strengths of currently 
available reinforced plastics have been 
achieved by giving careful attention 
to the selection of the resin and glass- 
phase composition, the surface treat- 
ment of the glass, and the collimation 
and packing of fibers. 

There can be no question but that 
the high tensile strength of glass- 
reinforced plastics depends on the 
high tensile strength of the glass fibers. 
We see, for example, that in a sample 
made with unidirectional filaments a 
tensile strength of over 100,000 psi 
may be measured along the axis of 
the fibers and less than 3000 psi in 
the transverse direction. 

The tensile strength of a reinforced 
plastic made with a particular glass 
fabric can be higher than that of the 
fabric itself. The reason for this is 
simply that in the “dry” cloth the 
load is not distributed evenly among 
the glass fibers. In the composite 
structure, shear interactions among 
the fibers induced by the resin pro- 
mote a more uniform stress distribu- 
tion. 


BINDER % OF TOTAL 


STRENGTH / 
DENSITY ~ 30 
(COMPRESSION) /, 


DIAMETER , (HOLLOW FIBER) 
WALL THICKNESS 
Typical compressive strength/density 
ratios for composites made with 
hollow fibers of various diameter-to- 
wall-thickness ratios. 


-SAME COMPRESSIVE ULTIMATE — 


DENSITY 
22qmc 


DENSITY 
!4qm/cc 


Experimental results give approxi- 


mately the same compressive strengths 
for samples having solid and hollow- 
fiber glass reinforcements. 


To achieve the 
strengths, it is clear that the glass con- 
tent, the degree of collimation of the 
fibers, and the shear interactions must 


highest _ tensile 


be as high as possible. An ordinary 
woven-glass fabric fulfills none of 
these conditions because of the crimp 
in the yarns and the nonuniform dis- 
tribution of the fiber. The industry, 
however, now offers fibers in distinctly 
superior forms. For example, an “un- 
woven” fabric is described by a French 
concern, unidirectional mats are 
offered by Minnesota Mining and 
Mfg. Co., and all of the filament-wind- 
ing technology is based on the princi- 
ple of fiber collimation. Not only do 
these developments lead to better ten- 
sile stress distribution, but also they 
allow higher glass contents, because of 
the packing that is possible with col- 
limated cylinders. 

The role of the resin is mostly the 
promotion of shear coupling between 
fibers. Even with the best packing 
of fibers, the shear in the resin is far 
from uniform. Improvements in 
coupling have been effected by var- 
ious techniques for improving the 
wetting of the fibers by the resin. 
One of the outstanding results has 
been achieved by coating the glass 
fiber with resin while it is being 
formed from the melt at the bushing. 
This early coating tends to protect 
the glass from damage, as well as to 
provide better wetting and to improve 
collimation in the plastic. All three 
actions produce a_ better tensile 
strength. 

Although epoxy resins generally 
yield the highest strengths with glass- 
cloth laminates, with well-collimated 
fibers there is little difference between 
the tensile strengths of polyester and 
epoxy composites. Thus it would ap- 
pear that good collimation is of first im- 
portance; and if good collimation is 
achieved, then the resin properties be- 
come less critical. 

The ultimate in glass content with 
fiber collimation has clearly not been 
achieved. The theoretical maximum 
volume fraction of cylinders in a 
matrix is 91%. The observed volume 
fraction is generally less than 74%. 
One important source of this discrep- 
ancy, is the fact that multifilament 
rovings are used to produce the so- 
called filament-wound specimens. 
While the packing of the rovings may 
be quite efficient, the packing and dis- 
persion of the separate filaments in 
the roving must be relatively in- 
efficient. 

An obvious way to improve packing 
is by true filament winding, that is, 
the careful layup of individual fila- 
ments. Perhaps it would be more 
practical, in that it would not involve 
so much new glass technology, to 
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make a multifilament ribbon, in which 
twists and crossovers of filaments are 
carefully avoided. This would also 
permit efficient packing. 

The degree of success of any process 
for the improvement of collimation, 
packing, and dispersion can be studied 
directly by microscopic techniques. 
So far, only rather casual observations 
of this type have been reported. 

Stronger composites might also be 
possible if higher-strength fibers were 
used. The glass fibers of commerce 
are already among the strongest ma- 
terials known. However, some work 
has shown that the strength of a glass 
fiber is strongly dependent on its 
diameter. The size of the commercial 
fibers (0.0003 in.) is in a range where 
doubling or tripling strength might be 
possible by reducing the diameter. 
It has been stated that strengths of 
1.5 and 2.0 x 10° psi are accessible. 
These are higher strengths than have 
been achieved with any other known 
material, including “whiskers.” 

Let us ask why such a simple pos- 
sible solution as reduction in diameter 
to increase strength has not already 
been exhausted. In the first place, 
fibers now in use are stronger than 
steel, and in many applications tensile 
strength is adequate. Secondly, the 
usual size of glass fibers is about the 
same as that of cotton. One may sur- 
mise that a reason for this is that the 
new glass fibers could then be 
handled on equipment designed for 
cotton. Thirdly, the cost of glass 
fibers does not depend on raw ma- 
terial costs as much as on manufactur- 
ing costs. Thus, a reduction in fila- 
ment diameter by a factor of 10 might 
increase end costs a hundredfold; and 
probably the cost has been a major 
consideration. 

Finally, there is some controversy 
about the reality of the size depen- 
dence of strength. A great deal of 
current thinking about superstrength 
materials involves the exploitation of 
the “size effect.” On the basis of most 
recent data, it seems likely that such 
effects are real and substantial. 

Still with reference to glass, if one 
used filaments with flat, square, or 
hexagonal rather than round cross 
section, composites with somewhat 
higher glass content would be pos- 
sible. More important, shear-strain 
heterogeneity in the matrix (which is 
very serious with cylindrical fibers) 
would be much lower. Of course, 
very careful attention would have to 
be given to the orientation of the 
ribbons or prisms. Some work with 
flat glass flakes has already been done, 
and mica has always been an impor- 
tant filler. However, the observed ten- 
sile strengths have always been un- 
distinguished, indicating, it is likely, 
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DC PRESSURE TRANSDUCER 


Interested mostly in the high end of a transducer’s rated range? 


Wiancko’s P2-1253 concentrates on specific portions of range; e.g., 475 to 550 psi 
It provides full 5 volts de output for this portion of the range rather than dissipa- 


ting the output in areas of no interest, and it increases the accuracy proportionally. 
This unique application is made possible by the inherent advantages of the Wiancko 
sensing element. 


The high output permits direct coupling to airborne telemetry systems without 
amplification. In addition, this transducer offers exceptional resistance to 
acceleration and vibration, no friction effects, constant output impedance and 
continuous resolution. 


COMPARE THESE SPECIFICATIONS 


Operating range 
475 to 550 psi (others available) 


Output voltage 0 v to 5 v de (28 v de input) 


Accuracy: 
Linearity & 
Hysteresis Better than 0.15% of reading 
Temperature effects 
(0 to 165 F) Better than 0.5% of reading 
Vibration 30 g, 0 to 2000 cps 


Further information contained in EDS 699 & Product Bulletin 108A 


 WIANCKO 


ENGINEERING COMPANY 


255 North Halstead Avenue * Pasadena, California 


Precision with lasting reliability 
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that the orientation problem has not 
yet been solved. Continuous ribbons 
might be much easier to orient than 
flakes. 

The small “flake” or ribbon glass 
approach is also interesting because of 
the possibility of generating high bi- 
axial strengths. A processing break- 
through which would lead to suffi- 
ciently perfect orientation with flat re- 
inforcements would have a high pay- 
off. The literature indicates that only 
very primitive processes have been at- 
tempted. 

One currently important glass de- 
velopment is high-modulus beryllium 
containing glass. Even though higher 
tensile strength is not claimed for this 
product, it might well lead to higher 
tensile composites, because the strain 
imposed on the resin would be re- 
duced and matrix failure would be less 
likely to occur. 

Of course, the fiber component need 
not be glass. Superstrength whiskers 
have been considered in a very primi- 
tive way. Unless continuous filaments 
of the whisker type could be produced 
(and no technique for doing this has 
yet been proposed) the orientation 
problem mentioned in connection with 
glass flake would still be present, in 
an even more aggravated form, since 
fibers have less symmetry than flakes. 
It should be noted here that high- 
strength composites have never been 
made from short glass fibers or glass 
wool. 

With respect to resin improvement, 
the most useful changes that would be 
reflected in tensile-strength tests would 
be higher resin modulus and elonga- 
tion. Organic materials with moduli 
significantly higher than those now in 
use are not known. Furthermore, the 
usual price of high modulus is low 
elongation, and this seems to be an 
even more serious problem than modu- 
lus. Resin studies might well be con- 
sidered, but, on the basis of current 
knowledge, not in connection with 
tensile-strength improvement. 

Many of the same considerations ap- 
ply to the improvement of the com- 
pressive strength that apply to tension. 
That is, high volume fractions of fiber 
and good fiber collimation and disper- 
sion are desired. The correlation be- 
tween fiber strength and composite 
strength that exists in tension, on the 
other hand, is not applicable in com- 
pression. In fact, it is in the regime 
of compression loadings that present- 
day, oriented-fiber reinforced plastics, 
which have such a fine combination of 
high strength and low density in ten- 
sion, fail to be competitive with other 
materials. 

While the mechanics of failure of 
reinforced plastics in compression have 
not been thoroughly explored, and are 
imperfectly understood, there are two 
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factors which operate to affect the 
strength in compression adversely: 
(1) When the composite is in com- 
pression in the direction of oriented 
fibers, the high Poisson’s ratio of the 
binder relative to that for the fibers 
creates a tensile stress on the bond 
between fibers and binder which tends 
to produce internal separation failures 
between them; and (2) the compres- 
siv load is carried by the fibers as 
columns supported within the continu- 
ous elastic foundation provided by the 
binder, and thus the strength is limited 
by the stability of these columns rather 
than their strength. 

An approach which appears promis- 
ing for improving compressive proper- 
ties of fiber-reinforced composites is 
through the use of hollow fibers. As 
the fibers are hollowed out, the column 
stability of the fibers is increased. 
Moreover, the density of the composite 
is simultaneously reduced. Unfortun- 


Space Outpost 
On the Ground 


Manned tests are scheduled to start 
late this year with this full-scale space- 
station simulator nearing completion 
at Convair Astronautics. Designed for 
three men, the capsule will be used to 
develop life-support systems. It con- 
nects with a 35-ton high-vacuum 
chamber, which can be seen in the 
background. A space station of this 
kind has been proposed by Krafft 
Ehricke as an intermediate step be- 
tween one- or two-man _ short-term 
orbiters and large-scale manned lunar 
exploration spacecraft (see “Manned 
Outposts in Space,” page 20 in the 
August 1959 Astronautics). 


ately, the ratio of fiber content to 
binder is also reduced. There is there- 
fore an interplay among the various 
factors affecting the load-carrying ca- 
pacity of the composite. It appears 
that, for representative fiber and resin 
densities, an optimum may be found 
in the range of fiber diameter to wall 
thickness ratios between 10 and 25, as 
indicated by the graph on page 80. 
With their increased strength and de- 
creased density, hollow-fiber reinforce- 
ments appear to lead precisely along 
the desirable new direction for com- 
posites. 

The general idea of using hollow 
glass fibers as reinforcements in plas- 
tics seems to have first been given by 
Horridge in England in 1954. Later, 
George Hoffman at Rand noted the 
attractive possibilities of this approach. 
Now that semi-production quantities 
of hollow glass fibers of good quality 
have been made, and the reinforced- 
plastics art has advanced to its pres- 
ent stage, the potentials they were 
seeking should be available. Accord- 
ingly, some preliminary preparation of 
small sample hollow-fiber composites 
with resin have been assembled. 
Even though these handmade samples 
have not achieved perfect packing, as 
can be seen from the photo on page 
35, tentative measurements confirm 
that with collimated glass fibers, solid 
or hollow, having an outside diameter 
of 0.005 in., the compressive ultimates 
aie approximately independent of 
over-all density in the range from 2.2 
to 1.4 gm/cc, as indicated by the 
sketch on page 80. 

If corresponding strengths can be 
achieved in large pieces, the structural 
weight reduction that can be accom- 
plished with this new material in a 
plate under compression is comparable 
to that achievable by a fourfold in- 
crease in modulus or strength at the 
same density. In addition, the new 
low-density material can be expected 
to have significantly lower dielectric 
constant and electrical loss factor. 
This could be an important advantage 
in radome structures. 

Two somewhat independent ap- 
proaches have been brought together 
in this study. One involves the iden- 
tification of reduction in material den- 
sity as a primary goal in the further 
development of structural materials. 
The second involves the manipulation 
of the shape of the reinforcements in 
a composite in such a-way as to 
achieve the desired objective. Much 
of the rather highly evolved rein- 
forced-plastics art is completely ap- 
plicable to these concepts, as shown 
by results obtained with hollow-fiber 
reinforcement—the first example of 
what can be done through the appli- 
cation of these approaches. o¢ 
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Applications of Materials 


(CONTINUED FROM PAGE 26 ) 


sented by Adams.°® 

The evolution of a gas may come 
about through thermal decomposition 
of a plastic material, boiling, or sub- 
limation. Usually, the temperature of 
the evolved gas is considerably lower 
than the main-stream gas temperature. 
The gas then cools the boundary layer, 
resulting in a net decrease in the heat 
flux to the solid body. The evolution 
of gas also thickens the boundary 
layer, which also tends to decrease 
the heat flux into the solid body by 
decreasing the heat-transfer coefficient. 
Thus, a material which generates a 
large volume of gas is desirable. 

The effectiveness of the gas as a 
coolant depends to a large extent on 
the amount of energy it absorbs while 
being heated as a gas. The total heat- 
absorbing capacity also depends on the 
energy absorbed by the gas during its 
formation. This energy of formation 
is all the heat which goes into latent 
heat for melting and subsequent boil- 
ing or sublimation, plus the heat of 
formation if the gas is formed from a 
chemical-decomposition process. 

A liquid melt-layer results when the 
surface material melts to form a highly 
viscous liquid. The thermal protec- 
tion resulting from the presence of the 
liquid arises from the energy absorbed 
by the material during the melting 
process and from the insulating effect 
of the melt layer. The temperature 
of the solid-liquid interface is fixed 
by the melting process, although the 
temperature at the outer edge of the 
melt is generally higher. Energy is 
absorbed by the liquid when its tem- 
perature is raised above the melting 
point. If the temperature at the outer 
edge of the melt is high enough for 
boiling to occur, then the additional 
beneficial thermal effects resulting 
from boiling are obtained. 


Effective Heat of Ablation 


The effective heat of ablation is de- 
fined as the ratio of the heat-transfer 
rate to a nonablating surface to the 
rate at which material is lost from the 
surface on a mass basis. Because the 
protection offered by the ablation proc- 
ess depends on interactions between 
ablation products and the hot gas, the 
effective heat of ablation is a func- 
tion of gas temperature and composi- 
tion. 

However, the point of primary inter- 
est in this discussion is that, the heat 
flux is a predominant factor influenc- 
ing the performance of an ablative ma- 
terial. Therefore the chamber pres- 
sure can be more important than the 
flame temperature. This importance 


of heat flux is similar to the case of 
a hot structure that has not yet at- 
tained thermal equilibrium. 


Environmental Criteria 


The interior surface of a rocket 
nozzle is exposed to a high-tempera- 
ture, chemically reacting, high-veloc- 
ity, abrasive flow of combustion prod- 
ucts that is intimately related to the 
properties of the propellant employed. 
The environmental factors which affect 
nozzle performance may be divided 
into three groups, namely, thermal 
factors, chemical factors, and physical 
factors. Complex interrelationships 
among these factors are generally in- 
volved in the deterioration of a nozzle 
surface. 

The table on page 26 summarizes 
some of the salient features of the 
nozzle environment. The Materials 
Advisory Board has estimated that 
nozzles will have to handle combus- 
tion temperatures of about 8300 F in 
the period 1970-1975.* 

The heat flux to a nozzle throat de- 
pends on both the chamber pressure 
and the enthalpy of the combustion 
products. In addition, condensed ex- 
haust products affect the heat-transfer 
processes, primarily by forming an in- 
sulating layer between the structure 
and the gas stream. Nongaseous ex- 
haust products result from the addi- 
tion of metals to fuels. Numerous 
metal additives are being considered 
for future propellants.® 

Thermal conditions vary signifi- 
cantly along the length of a nozzle. 
The graph on. page 25 shows the 
manner in which heat flux varies as a 
function of axial distance in a nozzle. 

The chemistry of the expanding gas 
in a rocket nozzle is not completely 
understood, owing to the complex com- 
position of solid propellants and the 
lack of high-temperature kinetic data. 
The gas consists of a large number of 
compounds, and the combustion proc- 
ess may still be going on during ex- 
pansion in the nozzle. Furthermore, 
the equilibrium composition is chang- 
ing as the static temperature and pres- 
sure decrease. Then, too, the extent 
to which the exhaust products ap- 
proach equilibrium at every place dur- 
ing expansion is not known, because 
neither the reactions occurring nor 
the kinetics of these reactions are 
known accurately. 

A number of studies of the flow of 
reacting mixtures are in progress. In 
addition to the difficulties associated 
with defining the gas composition, 
there is a further difficulty because the 
gas may react with the interior sur- 
face of the nozzle. Reactions with 
the interior surface of the nozzle are 
of primary interest in this discussion. 

Laboratory studies of surface re- 
actions influencing nozzle perform- 


APL OFFERS 
A SPACE AGE 
CAREER 
APPOINTMENT 


IAISON 
AND 
INSTRUMENTATION 
ENGINEER 


The Applied Physics Laboratory 
of the Johns Hopkins University 
has an unusually attractive career 
position available. 


The man selected will serve as 
liaison and instrumentation 
engineer between the Laboratory 
and manufacturers and 
government offices. He will 
monitor launchings of satellites 
and missiles at Cape Canaveral 
and other test sites as an APL 
representative and will also act 
in a technical advisory capacity. 
Closely supervised at the outset, 
he will soon enjoy a high degree 
of independence. He will spend 
one-third of his time on trips of 
three or four days duration. 


The duties will place this 
engineer in continuing contact 
with high-level personnel in 
numerous fields. The position 
offers an uncommon opportunity 
to gain an extremely broad 
anderstanding of the entire 
space-missile spectrum. 


Qualifications for this 
appointment include a degree 
in engineering plus three years 
of experience in missile 
instrumentation, ground 
instruments, playback 
equipment, and data reduction. 
Some knowledge of computers 
is desirable. 


For additional details about this position, 


direct your inquiry to: 
Professional Staff Appointments 


The Applied Physics Laboratory 
The Johns Hopkins University 


8609 Georgia Avenue, Silver Spring, Md. 
(Suburb of Washington, D.C.) 
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ance are hindered by the complexity 
of the mixture and the fact that, even 
if a particular species does not appear 
as a reactant, it can act as a catalyst. 
There is reason to believe that the 
presence of a molten oxide layer on a 
surface affects the chemical reactions. 
It would tend to separate gas species 
from the nozzle surface, thus reducing 
gas-solid reactions, if the molten layer 
is sufficiently dense. The oxide may 
also act as a catalyst, which may be 
undesirable. It is difficult, if not im- 
possible, at the current state of the 
art to define all of the specific reac- 
tions which can produce harmful ef- 
fects on nozzle performance. Conse- 
quently, the compatibility of each sur- 
face material with each chemically 
active exhaust product species must be 
studied. The possibility of catalytic 
action on each of the reactions should 
not be neglected. 

The exposure conditions associated 
with future propellants will undoubt- 
edly be more severe than those now 
encountered. These new fuels will 
introduce higher heat fluxes, associ- 
ated with higher flame temperatures, 
and also greater chemical reactivity in 
the exhaust gas. For example, the 
introduction of fluorine into solid pro- 
pellants, as discussed by Farber,® will 
both raise flame temperatures and in- 
troduce additional highly reactive 
chemical species into the combustion 
products. 


Materials Development, Utilization 


In a composite nozzle structure, 
several classes of materials are gen- 
erally used, each material performing 
the function for which it is best suited. 
The choice of material depends largely 
on the tasks which must be performed: 
Load carrying, heat absorption, insula- 
tion, erosion, resistance, chemical pro- 
tection, ablative cooling, etc. * Only 
after the task or tasks have been 
identified can the best class or specific 
material be identified. 

Graphite. Graphite is a “work- 
horse” material in high-temperature 
applications. It sublimes at a tem- 
perature of about 6700 F, which is 
higher than most materials. It is not 
a very strong material at low tempera- 
tures, but its strength increases with 
temperature up to about 4500 F. At 
high temperatures, graphite is con- 
sidered a strong material. Graphite 
has a tendency to oxidize exothermi- 
cally at relatively low temperatures. 
It has found wide use as a nozzle-in- 
sert material when the exhaust prod- 
ucts are generally reducing. The 
brittleness and high thermal-expan- 
sion coefficient of graphite lead to 
design difficulties when it is employed 
in a composite structure. Some of 
the design problems encountered with 
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graphite are discussed by Krochmal 
and Anthony.!° The high sublima- 
tion temperature of graphite and its 
relatively high specific heat and high 
latent heat of sublimation make it at- 
tractive as a heat-sink material. In 
addition to its thermal properties, 
graphite has a relatively low density 
(2.25 g/cc), which tends to make it 
attractive for flight applications. 

A vapor-deposition process of fabri- 
cating graphite has led to the develop- 
ment of a graphite coating with aniso- 
tropic thermal properties. This de- 
velopment—pyrolytic graphite—may 
eventually have an important effect 
on nozzle design in the near future. 
The thermal conductivity of pyro- 
graphite along the surface as formed 
is an order of magnitude greater than 
its thermal conductivity in the normal 
direction. The high-temperature re- 
gion can be limited to a thin layer near 
the surface, reducing insulation re- 
quirements. It is possible that conduc- 
tion of heat along the surface can ap- 
preciably reduce heating below the 
surface at a region of high heat flux by 
providing a heat-leakage path to a 
region of lower heat flux. 

Due to its anisotropic thermal ex- 
pansion, there are still many problems 
concerning the use of pyro-graphite. 
Also, many early rocket-firing tests 
were hampered by inconsistent coat- 
ings. When one designs with pyro- 
graphite, its anisotropic thermal-expan- 
sion properties must be considered. 
As experience in the use of the ma- 
terial is gained, it will probably find 
many applications in rocket nozzles. 

Refractory Metals. A few impor- 
tant metals that are among the most 
refractory materials available are tung- 
sten, tantalum, and molybdenum. The 
refractory metals have high tensile 
strength and good resistance to ther- 
mal shock when compared with most 
ceramic materials, The high density 
of these metals limits their use in 
nozzles to specialized applications, 
such as throat inserts. As with other 
metals, the refractory metals suffer 
from a loss in strength at temperatures 
approaching melting point, and _ this 
limitation becomes important because 
throat-insert materials must operate at 
near-melting temperatures. Structural 
and fabrication problems sometimes 
become severe—particularly the brittle- 
ness of molybdenum, the difficulties 
encountered in fabricating large parts 
of tungsten, and the poor thermal- 
shock resistance of tungsten. Alloys 


of the refractory metals have been 
used to obtain a reasonable compro- 
mise between ease of fabrication and 
high-temperature properties. 
Tungsten, with a melting point of 
6160 F, is widely used in the high- 
temperature region of nozzle struc- 


The high density of tungsten 
and difficulties in fabrication have led 
to its use only in critical nozzle re- 


tures. 


gions, such as the throat. Dense, 
forged sintered tungsten is available. 
Thin, hot-spun tungsten nozzle forms 
have also been fabricated.*> The cur- 
rent need for tungsten parts has stimu- 
lated development of forming 
methods. At present, high-tempera- 
ture physical and thermodynamic 
property data are limited. Additional 
data are needed above 3000 F so that 
this material can be utilized to its full 
potential in nozzle designs. 

Ceramics. The metal oxides have 
high melting temperatures, although 
not quite as high as tungsten. The 
metal oxides are brittle and more sus- 
ceptible to thermal shock than are 
most metals. The densities of the 
ceramic oxides are considerably less 
than those of the pure refractory 
metals. 

Metallic compounds, such as the 
carbides, nitrides, and borides, are 
similar in many respects to the oxides, 
with the exception of their chemical 
stability. The metallic compounds 
are sometimes referred to as the hard 
metals, because of their high con- 
ductivities and metallic luster in addi- 
tion to hardness. Whereas the ox- 
ides are usually stable in an oxidizing 
environment and unstable in a reduc- 
ing environment, the opposite is usu- 
ally true for the carbides, nitrides, and 
borides. 


Melting Points 


The melting points of the metallic 
compounds are not necessarily as high 
as either of their constituents. For 
example, tungsten carbide has a melt- 
ing point of about 4710 F, whereas 
pure tungsten melts at about 6160 F, 
and graphite sublimes at 6700 F. 
This effect of depressed melting point 
is one that is commonly encountered. 
On the other hand, hafnium carbide 
and tantalum carbide both melt at 
temperatures higher than 7000 F. 
However, the former is extremely ex- 
pensive, and the latter has a high 
density and an unusually strong tend- 
ency to oxidize.1! A number of car- 
bides and nitrides offer the possibility 
of operation at temperatures of the 
order of 7000 F. The promising ma- 
terials are generally highly suscepti- 
ble to thermal- and mechanical-shock 
failure. Their limitations can prob- 
ably be overcome by the development 
of composite materials. 

Composite. Materials. The same 
specialized applications which have 
led to the use of the composite nozzle 
structure have also led to the current 
interest in composite materials for ap- 
plications within the structure. The 


composite-material concept permits 
materials to be designed which 
satisfy particular needs. A composite 
material may incorporate a ductile 
material and a refractory brittle ma- 
terial to achieve a combination that 
will withstand both the thermal shock 
and the high temperatures associated 
with a rocket-engine firing. The Av- 
coite family of materials, described 
by Scala,!2 is typical of this type of 
composite. These composites incorpo- 
rate a brittle refractory in a metal 
honeycomb. It is believed that the 
composite-material concept will be 
needed in order to utilize the high 
melting temperatures of some car- 
bides and nitrides. 

A second form of composite ma- 
terial is being applied in ablation sys- 
tems. The performance of an abla- 
tion material depends to a large de- 
gree on the cooling capacity of the 
ablation products, rather than on the 
high-temperature properties of the 
solid material. Hence, the desirable 
ablation materials are those which pro- 
duce large quantities of gas, prefer- 
ably with a low molecular weight, 
and/or viscous melt-layers. There- 
fore, the most commonly used abla- 
tion materials are composites of glass- 
like materials and plastics resins. 

Common resins are the phenolics, 
melamines, silicones, epoxies, and 
polyesters. The glass is generally 
used in fiber form, and various glassy 
materials have been used in ablating 
composites. They improve the 
strength characteristics of the compos- 
ite material. A large number of ma- 
terial combinations are now available 
under a number of trade names. The 
recent introduction of graphite cloth 
on the market has lead to the con- 
sideration of impregnated graphite 
cloth as a nozzle material. 

Values of the effective heat of ab- 
lation, ranging from about 1000 to 
about 6000 Btu/Ib, are now attain- 
able. The reason that ablating ma- 
terials are not applicable to the high- 
heat-flux, long-time exposure  ob- 
tained in the throat of a rocket engine 
can best be illustrated by a simple 
example. Consider a material with an 
effective heat of ablation of 2000 Btu/ 
lb and a density of 100 Ib/cu ft. This 
material may be considered to be 
representative of the general class of 
ablating reinforced plastics. It is also 
reasonable to assume a heat flux in 
a nozzle-throat region of the order of 
20 Btu/sq in./sec. Thus, a linear 
erosion rate of about 0.17 in./sec 
would be obtained with this material, 
if it were used at the nozzle throat. 
If the burning time was of relatively 
long duration, or the nozzle diameter 
small, the total throat erosion would 
be intolerable. On the other hand, 


The Lincoln Laboratory, Massachusetts 
Institute of Technology, announces a 
major expansion in its program. 

We urgently request the participation 
of senior members of the scientific 
community in our programs in: 


RADIO PHYSICS and ASTRONOMY 
SYSTEMS: 

Space Surveillance 

Strategic Communications 

Integrated Data Networks 
NEW RADAR TECHNIQUES 
SYSTEM ANALYSIS 
COMMUNICATIONS: 

Techniques 

Psychology 

Theory 
INFORMATION PROCESSING 
SOLID STATE Physics, Chemistry, and Metallurgy 


@ A more complete description of the Laboratory's 
work will be sent to you upon request. 


Research and Development 


LINCOLN LABORATORY 
Massachusetts Institute of Technology 
Box 24 

LEXINGTON 73, MASSACHUSETTS 
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if a short-burning-time application is 
considered, then the application of an 
ablating material may be permissible 
in large nozzles, 

Reinforced-plastic composites usu- 
ally have a low thermal conductivity 
besides a low density, which make 
them useful backup insulation in hot 
structures. Further, when used in 
ablative structures, the reinforced plas- 
tic can provide both the ablative sur- 
face and the thermal insulation re- 
quired to protect the structural shell. 
Thus, refractory materials may not be 
required for the shell in either case, 
and steel and titanium become logi- 
cal choice because of their high 
strength-to-weight ratios. 


Future Development Requirements 


The problems involved in the de- 
velopment of uncooled nozzles are 
intimately related to the nature of the 
exhaust products. The velocity incre- 
ment delivered by a rocket stage in- 
creases approximately linearly with 
propellant specific impulse and as a 
logarithm of 1/1 — m,, where my, is 
the propellant mass fraction (propel- 
lant weight/total weight). Some loss 
in mass fraction may be acceptable to 
take advantage of improved propel- 
lants. But there are limits to the mass- 
fraction losses that can be accepted 
without compromising performance to 
the point where new propellants are 
not worthwhile. Therefore, continued 
nozzle improvements are warranted. 

The present nozzle-design philoso- 
phy is based primarily on the modified 
hot-structure concept. Nozzle require- 
ments during 1965-1970 will require 
either that the exposed element of the 
hot structure be more refractory than 
the refractory metals or that the struc- 
ture provide more heat sink than is 
now provided. Advances in the area 
of composite materials containing ex- 
tremely refractory ceramics will de- 
termine which philosophy will be 
adopted. An alternative philosophy, 
namely, that of the cooled structure, 
might be utilized in the 1965-1970 
period and will probably be required 
in the 1970-1975 period. The cooled 
structure can use either a passive cool- 
ant on the back surface of the ex- 
posed material or an active coolant 
which is injected through a porous 
nozzle surface. 

Advances in materials and nozzle- 
design technology will be necessary to 
use to advantage advanced propel- 
lants. There is need for additional re- 
search on exhaust-product environ- 
ments and expansion processes, on 
composite materials which utilize con- 
stituents more refractory than tung- 
sten, and on improved ablation ma- 
terials. Moreover, we need improved 
high-temperature-property data for 
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the materials now available to permit 
their more effective utilization. 
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Nondestructive Testing 
Papers Available 


The collected papers (15) from the 
Second Annual Symposium on Non- 
destructive Testing of Aircraft and 
Missile Components, held Feb. 14-16 
at San Antonio, Tex., under the spon- 
sorship of the Society for Nondestruc- 
tive Testing and SRI, may be obtained 
from R. B. Wangler, SRI, P.O. Box 
2296, San Antonio, Tex., for $10 per 
copy, postpaid. 
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Surveyor Lunar Soft-Lander 


To Be Built by Hughes 


APL’s McClure Receives 


First NASA Award 


In January, NASA made its first 
award under the invention authority 
of the National Space Act of 1958 to 
Frank T. McClure, chairman of the 
Research Center at Johns Hopkins 
Univ. Applied Physics Laboratory, 
Silver Spring, Md., for his invention 
of the Doppler navigation system 
which became the basis for Project 
Transit. The award was for $3000. 


SURFACE GEOPHYSICAL 
EXPERIMENTS 


- SLOWLY DRIVEN 
GEOPHYSICAL PROBE 


JPL unveiled this model of the Surveyor lunar soft-landing 
spacecraft shortly after the selection by NASA of the 


Hughes Co. to build it. 


NASA plans call for seven Sur- 


veyors to be launched to the moon in the 1963-65 period. 
Surveyor will weigh about 2500 Ib when injected into a 
lunar-impact trajectory, and 750 Ib when landed on the 
moon after retrorocket firing. Of the landed weight, 200 
Ib will be working instruments. 
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r Very little information is available here. 
Jt is known that glass, stainless steel, and 
a ost and Availabili ». Higher production rates would prob- 
Is copper are not attacked at room tempera Cost and Availability Ib. Higl duct t Id prob 
* ture. Here again, materials suitable for Only small quantities are available ably drop the cost down to near that of 
0 fluorine use should be satisfactory. presently at a cost of approximately $100/ fluorine. 
Z 
0 
< 
DIETHYLENE TRIAMINE (DETA)—(H.NC.H,)2.NH 
DETA is the lowest member of the 


polyalkylene amine series and may be . . 
considered as the dimer of ethylene di- Physical Properties of DETA 


amine. It is rather hygroscopic and will Boiling Point 206.7 C 404.1 F 
absorb moisture upon exposure to a humid 


: Freezing Point =39 —38 F 
to “tailor” physical properties. Viscosity at 15 C (60 F) 8.2 Centipoises _— 

Vapor Pressure at 100 C (212 F) 0.026 atm 0.38 psia 
Hazards at 180 C (356 F) 0.500 atm 7.35 psia 
DETA is flammable, but not pyro- Flash Point (open cup) 102 C 215F 
phoric. It is a much stronger base than Heat of Vaporization at bp 12.3 kcal/mole 214 Btu/Ib 


UDMH and will cause caustic burns of 
the skin upon extended contact. Its LDx 
‘ dosage kills 50% of test 
animals) are fairly high. For oral doses 2 
2.33 Theoretical Performance of DETA* 
0.35 g/kg for ammonia; for skin absorp- Specific Impulse (sec) Chamber Temperature 
tion (24-hr contact), 1.09 ml/ kg (1.04 Oxidizer Frozen Flow Equilitrium Flow (Deg K) 
g/kg) as compared to 1.1 g/kg for am- 

monia. No animals (of 6) were killed Fe 322 este oo 
after 8 hr of inhalation of saturated va- Or 289 295 3350 
pors, while 2 (of 4) animals were killed RFNA 257 260 3200 
in 1 min of inhalation of the saturated 
vapors of 28% ammonia in water. Pc = 1000 psia; Pe = 14.7 psia; optimum O/F ratio. 
DETA appears to be less toxic than am- These values are approximate and should not be relied upon. 


“ monia, and also less hazardous due to its 
lower vapor pressure. 
“4 should not be used. Cost and Availability 
d. Materials for Handling Teflon and polyethylene are good elas- . 

a Stainless steel (304, 347, etc.), monel, tomers as well as U.S. Rubber 899 or its DETA is available in tank car lots at 
he nickel, and aluminum (2S) are satisfac- equivalent. Centrifugal pumps are rec- 41.5¢/lb; in 55 gal drums, 45.5¢/Ib; 
00 tory; mild steel is sufficient for short-term ommended and Garlock 234 will serve as and 5 gal containers, 55.5 ¢/Ib, as well as 

storage. Copper and copper alloys pump packing. in other quantities. 
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Carbonaceous Materials 


(CONTINUED FROM PAGE 33) 


tors such as composition and _struc- 
ture, since these influence the resin’s 
behavior during chemical transforma- 
tion. A few of the resins considered 
to be feasible in the aforementioned 
study for the basic carbon binder of 
the reinforced carbonaceous systems 
include phenal aldehydes and _ fur- 
furals. These were selected on the 
basis of being thermosetting (to main- 
tain shape during decomposition), 
having a highly cross-linked structure, 
and containing only C, H, and O con- 
stituents. 

Reinforcement selection must be 
guided primarily by such factors as 
strength, temperature resistance, com- 
patibility with carbonaceous binder, 
and availability. Fibrous reinforce- 
ment agents such as silica, graphite, 
refractory metals, and ceramics are all 
possibilities. 

Many and various combinations of 
resins and reinforcement agents have 
been evaluated. Chance Vought 
studies show superiority of 
phenolic-resin systems over other resin 
systems of the epoxy or silicone types. 
With organic-state reinforced plastic 
systems, “E”-glass and quartz-cloth 
reinforcements provided better me- 
chanical strength properties to the 
carbonaceous system than a Refrasil 
reinforcement did. 

In producing reinforced carbo- 
naceous material systems, conven- 
tional reinforced-plastics technology is 
employed to fabricate the cured solids, 
while the final carbonization process- 
ing is similar to that employed by the 
carbon and graphite industry. This 
process permits retaining the relatively 


low cost, ease of fabrication, and con- 
figurational variety of plastic construc- 
tions. 

Efforts to date have resulted in a 
lightweight (0.081 lb/in*) fiberglas- 
reinforced carbonized phenolic-resin 
material having, for example, a tensile 
strength of 9900 psi in an oxidizing 
atmosphere at 1100 F. For higher 
temperature environments, quartz- 
reinforced carbonized phenolic-resin 
laminates provide tensile strengths of 
7500 psi up to temperatures approach- 
ing 1500 F. Of particular interest is 
the fact the quartz system, once con- 
verted, offers promise of a consistent 
strength level over the temperature 
range of 75 to 1500 F. 

These strength values, even at this 
early stage of development, are higher 
than those obtainable by the presently 
known reinforced organic-plastic lami- 
nate systems under sustained elevated 
temperature conditions. By increasing 
the carbon content of the thermally 
converted laminate system, the result- 
ant strength properties can be sub- 
stantially increased. For example, a 
15% increase in carbon content re- 
sulted in an 85% flexural strength in- 
crease for the quartz-reinforced car- 
bonaceous material system.  Signifi- 
cantly, the modulus of elasticity of the 
carbonaceous system, 3.97 168, is 
considerably higher than that of the 
virgin system, 2.90 108. This gain, 
however, is countered by lowered 
toughness. 

At 1500 F the strength-density ratio 
of the quartz system is approximately 
100,000. The presently available co- 
lumbium alloys, at the same tempera- 
ture, have strength-density ratios rang- 
ing from 120,000 to 240,000. 
Further developments in processing 
and materials can be expected to raise 


Precharged vs. Virgin-Plastic Ablative Systems 
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the performance of the carbonaceous 
materials to compete with the refrac- 
tory system. It was estimated during 
a recent design study of a glide re- 
entry vehicle that such a carbonaceous 
material having the previously men- 
tioned order of strength characteristics, 
but improved to an allowable operat- 
ing temperature of 2200 F, would have 
provided a weight savings of approxi- 
mately 100 out of a total weight of 
3000 Ib. 

Our current laboratory efforts are 
now concerned with the higher tem- 
perature resistant reinforcement sys- 
tems. Processes have been developed 
to bring carbon-cloth-reinforced 
phenolic-laminate systems through the 
carbonized state to the highly desirable 
graphitized state. At a level of 0.032 
Ib/in® this type of system has an at- 
tractive weight characteristic. A con- 
certed effort is presently underway on 
a suitable oxidation protective coating 
in order that this material combina- 
tion can be used in air at temperatures 
up to 5000 F. 

Cursory examinations have been 
made of various other types of high- 
temperature-resistant random _ fiber- 
reinforced phenolic-resin systems. As 
can be expected, the strength levels of 
random fiber-reinforced systems drops 
significantly in comparison with the 
woven-cloth composites. However, it 
is encouraging to note that some of 
these systems are approaching the 
room-temperature flexural-strength 
property of ATJ graphite. 

The effectiveness of reinforced car- 
bonaceous material as a_ structural 
char layer for ablation cooling was 
found to be quite significant, as the 
graph at the left indicates. The 
weight losses to maintain a similar 
back-wall temperature are compared 
in the graph for the following material 
systems exposed to a flux density of 
100 Btu/ft?/sec generated by an oxy- 
gen-nitrogen 40-kw plasma arc: 

1. Virgin glass reinforced phenolic 
resin laminate. 

2. Glass reinforced _ carbonized 
phenolic resin laminate faced virgin 
glass reinforced phenolic resin lami- 
nate. 

3. Resin impregnated glass rein- 
forced carbonized phenolic resin lami- 
nate faced virgin glass reinforced 
phenolic resin laminate. 

For the third type of specimen, a 
melamine resin was employed as the 
impregnant. This resin was selected 
since it has an unstable aromatic struc- 
ture which tends to fragmentize under 
heating conditions, leaving a low- 
carbon residue, but producing a gase- 
ous layer for effective blocking in the 
boundary layer. 

Confirming anticipated results, re- 
inforced carbonaceous material faced 
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virgin glass reinforced phenolic resin 
laminate system showed little evidence 
of surface recession and had a loss of 
only 28% of the all virgin glass rein- 
forced phenolic resin laminate system 
in addition to having the lowest ini- 
tial weight. Although the impreg- 
nated system lost more weight than 
its unimpregnated counterpart, it did 
not deteriorate nearly as much. This 
would indicate that the desired blan- 
keting effect was attained, and that 
with a better impregnant material, 
such as one of the polyethenic com- 
pounds, a more efficient system might 
be obtained. It is also of interest to 
note that the addition of the char 
layer significantly lessened the degree 
of deterioration of the substrate laver. 

These results represent a beginning 
in the investigation of a new family 
of materials. Feasibility has been 
demonstrated. Now, studies on ma- 
terial combinations and processes for 
these types of material composites 
must consider the following factors: 

Char Formation.  As_ previously 
stated, and in agreement with other 
investigators, such as W. T. Barry, 
W. H. Sutton, and I. J. Gruntfest of 
GE, the effectiveness of the char in 
protecting the underlying virgin resin 
depends on its structure and also on 
the length of time that it is structurally 
attached to the resin during the abla- 
tion process. The key to attaining 
this thermal shield lies in a further 
understanding of the mechanism of 
char formation. 

Reinforcement Agents. Reinforce- 
ment agents should be complement- 
ary to the char with respect to struc- 


tural considerations as well as physi- 
cal, chemical, mechanical, and thermal 
characteristics, such as melting point 
and emissivity and reactions. An ef- 
fective composite will depend upon 
the interrelations of the charred resin 
and reinforcement agent toward pro- 
viding a highly radiative refractory 
surface. 

Virgin Resin Ablator. A_ prime 
requisite for the virgin resin layer is 
that during decomposition it act as a 
low-carbon-forming gas-producing 
agent. Rates of reaction, decomposi- 
tion products, and boundary-layer re- 
action mechanisms should be studied 
to guide the proper selection of the 
virgin resin material. 

Oxidation and Erosion Resistance. 
The necessity of having extreme ver- 
satility of end product is illustrated by 
the possible environmental conditions 
encompassed in the areas of rocket- 
motor nozzles, re-entry vehicle skin 
panels, or nose cones. Special proc- 
essing of carbonized resin laminates 
must be considered to satisfactorily im- 
prove base properties, such as oxida- 
tion and erosion resistance. 

We believe it will be possible to 
tailor an extremely wide variety of 
composite, reinforced carbonaceous 
materials. Thermal, physical, and 
mechanical characteristics may be de- 
signed into the end product as re- 
quired. Fabrication equipment is now 
available with practically no unreason- 
able size or shape limitations. The 
materials engineer now has another 
approach to aid the designer in the 
solution of present and future vehicle 
designs. ad 


Navy Rocket Symposium 


Thirty-three papers will be pre- 
sented at the Bureau of Weapons- 
sponsored rocket symposium being 
held April 18-21 at the Quality Evalu- 
ation Laboratory of the U.S. Ammu- 
nition Depot in Concord, Calif. The 
meeting will feature talks by T. C. 
Merkle, U of C Radiation Lab, M. J. 
Zucrow of Purdue Univ., and R. C. 
McMaster of Ohio State Univ., among 
others, and will include demonstrations 
of QEL’s new 10-mev radiographic 
linear accelerator, various fluoroscopic, 
ultrasonic, radioisotope, and eddy- 
current test methods, and the Adapt 
test and calibration machine. 
rangements for the symposium, which 
is expected to draw an audience of 
about 400 specialists, are being made 
by QEL, Capt. R. R. Heilig, USN, 
Commanding Officer. 


FAA Considering 
Changes in Rocket Rules 


The Bureau of Air Traffic Manage- 
ment of the Federal Aviation Agency 
has under consideration a proposal to 
amend Parts 48 and 60 of the Civil 
Air Regulations, dealing with opera- 
tion of moored balloons, kites, un- 
manned free balloons, rockets and 
missiles. Comments on the proposal 
must be submitted to the Docket Sec- 
tion, FAA, Room B-316, 1711 New 
York Ave., N.W., Washington 25, 
D.C., by May 30, and copies of the 
proposed changes are available from 
FAA’s Bureau of Air Traffic Manage- 
ment. 


Saturn C-1 Flight Configuration 


The Saturn C-1 with dummy second and third stages, lying in at NASA Marshall SFC’s Fabrication and Assembly 
Engineering Div., brings home the scope of coming space flights, and suggests the impact they will have on the popular 
imagination. All stages live, the C-1 Saturn will be capable of placing 19,000 lb in 300-mi orbit, sending 5000 Ib to escape 
velocity, and projecting 2500 Ib to Mars or Venus. The first Saturn flight test, under just first-stage power, is scheduled to 


take place late this year. 
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MOLYBDENUM AND ITS ALLOYS 


Molybdenum was the first of the re- 
fractory metal group to be used in aero- 
space applications and is still the most 
widely used. Molybdenum’s high melt- 
ing point—almost 2000 F higher than 
that of iron—permits its utilization at tem- 
peratures where even the superalloys have 
exceeded their softening point. Com- 
mercially pure molybdenum is stilll 
widely used, but the addition of 0.5% 
titanium results in considerable improve- 
ment in its properties. A yet newer al- 
loy, TZM, containing 0.5% titanium and 
0.07% zirconium, is now becoming avail- 
able. 

A very high modulus, a low coefficient 
of thermal expansion, a low specific heat, 
and excellent resistance to corrosion in 
many mediums including liquid metals are 
among the other notable characteristics 
of molybdenum and its alloys. The 
biggest disadvantages of this group are 
high density, difficulty of welding, brittle- 
ness at room temperature, and ready 
oxidation. 


Fabrication 


Most molybdenum parts are fabricated 
from sheet metal. All conventional meth- 
ods are applicable—spinning, deep draw- 
ing, drop hammer, and stretch forming— 
and are being used with success. Form- 
ing temperatures between 200 and 1000 F 
are usual and most blanking, punching, 
and shearing is done inside the same 
temperature range. Forging, extruding, 
swaging, and drawing are carried out on 
conventional equipment. Some parts are 
made by slip casting and others are sin- 
tered and machined to shape. The ma- 
chining of molybdenum should be done 
with carbide tools. These should have 
similar geometry to tools used for cast 
iron. Tools must be kept sharp and cool. 
Chemical milling is also employed to 
advantage. 


Joining 

Riveting with moly rivets is the sim- 
plest way of joining inasmuch as molyb- 
denum and its alloys are difficult to 
fusion weld. Adaptations of the inert 
gas method may be used but extremely 
close control over welding conditions is 
necessary since welds tend to be brittle. 
Resistance welding is less difficult and 
brazing can be done with silver solder, 
copper, nickel, or one of the high-tem- 
perature vacuum-brazing alloys which 
retain good strength over 3000 F. 


Protection 


Above 1000 F, molybdenum and its 
alloys oxidize rapidly in air or oxidizing 
atmospheres. An ideal protection method 
has yet to be found. However, di- 
silicide diffusion coatings appear to be 
the best for most applications. Electro- 
plating and metallizing have been used 
and under some conditions aluminide 
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and boride coatings afford satisfactory 
protection. 


Heat Treatment 


Molybdenum and its alloys do not 
respond to heat treatment, consequently 
they rely entirely on mechanical work 
for strengthening. However, exposure 
to time/temperature cycles which result 
in recrystallization causes a drastic re- 
duction in strength. Instead a_ stress 
relieving treatment is normally given to 
reduce stresses without substantially 
affecting strength. Such treatments usu- 
ally consist of 1800 F for 1 hr for 
commercially pure molybdenum and 
1900 F for 1 hr for the 0.5% titanium 
alloy. 


Availability 


Molybdenum and its alloys are mostly 
produced by arc-casting, though sintering 
is used to a lesser extent. Electron-beam 
melting is used to produce material of 
very high purity and may become a 
more important process in the future. 
Available forms of molybdenum and its 
alloys include sheet, strip, plate, foil, bar, 
wire, rod, tubing, powder, forgings, and 
extrusions, Castings have not yet been 
produced. 


STRESS RUPTURE PROPERTIES 
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Applications 


Heating elements, electrical contacts, 
and electrodes have long been made of 
molybdenum. More recently, the aero- 
space industry has begun to make use 
of molybdenum and its alloys for such 
components as nozzles and nozzle inserts 
in rockets, re-entry leading edges, guide 
vanes, jetavators, heat-radiation shields, 
turbine wheels, combustion cans, and 
similar parts in missiles. Ramjet engines 
have utilized flame gutters and com- 
bustion chambers of molybdenum, and it 
is certain that turbojet engines of the 
future will have molybdenum turbine 
buckets and guide vanes. 


Physical Properties of 


Molybdenum 
Density, Ib/cu in. 0.368 
Melting Point, F 4760 
Cc 2625 


Linear Coefficient of 

Expansion per deg F at 

70 F 30x10 
Specific Heat, C/G/C 0.061 
Thermal Conductivity, 

cal/sq cm/cm/C/sec 0.382 
Elastic Modulus, 

psi x 10° 47 


CREEP PROPERTIES OF MOLYBDENUM 
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STRESS, ksi 


LEGEND: 
TZM ALLOY 
10}. (305% TITANIUM ALLOY... - 

SPECIMENS DISILICIDE COATED AND | 
ol TESTED IN AIR 
62 0406 | 2 4 6 10 20 
TIME, hrs 


ULTIMATE TENSILE STRENGTH 
OF 
MOLYBDENUM ALLOYS 


150 


| 
4 4 + + + 
110 


ro) 
° 


ALLOY 


COMM PURE, 
"MOLYBDENUM 


TENSILE STRESS, ksi 


| 
| | 
% 400 800 1200 1600 2000 2400 2800 
TEMPERATURE F 


| | 
| 
| 
| 
| 
| 
| | 
| 
50 + + + + + + 
| 
SAY 4 | 
hy 05% | 
| 
| | 


tacts, 
de of 
aero- 
e use 
such 
nserts 
guide 
ields, 
and 
igines 
com- 
ind it 
F the 
rbine 


20 


People in the news 


APPOINTMENTS 


Col. Thomas W. Cooke has been 
named commander of Redstone Ar- 
senal, Alabama. He formerly had 
been AOMC chief of staff. 


Col. Richard R. Entwhistle has been 
appointed director of the Army Ord- 
nance Corps Ballistic Research Labo- 
ratories. 


O. B. Lloyd Jr. has been appointed 
director of public information for the 
National Aeronautics and Space Ad- 
ministration. 


Antonio Ferri has been elected 
president of General Applied Science 
Laboratories, and will continue to head 
the company’s Aerospace Engineering 
and Applied Mechanics Dept. 


Frank W. Lehan, chairman of the 
ARS Communications and Instrumen- 
tation: technical committee, has been 
elected executive vice president of 
Space Electronics Corp. Albert P. 
Albrecht becomes vice president and 
general manager of the new Space 
Electronics Div., and Jack E. Froeh- 
lich, general manager of the Applied 
Science Div. 


Camille M. Shaar Jr. has been ap- 
pointed head of aerospace operations 
for the Defense Systems Div. of Gen- 
eral Motors, with headquarters at 
Santa Barbara, Calif. 


At Grand Central Rocket Co., John 
J. Crowley has been appointed assist- 
ant general manager; G. R. Makepeace 
has been promoted to technical direc- 
tor in addition to his responsibilities as 
vice president of research and engi- 
neering; and Eugene Miller is director 
of chemical engineering under Make- 
peace. B. J. Smith has been named 
assistant vice president for operations 
and continues as manager of the Kan- 
sas Ordnance Div., and Chris Fitz- 
gerald, reporting to Smith, will be in 
charge of materiel handling. 


L. Wayne Mullane has been elected 
vice president, Downey Plant, Aerojet- 
General Corp., and Jack T. Wills has 
been appointed to Aerojet’s Washing- 
ton staff as director of corporate special 
projects. 


E. D. Carter, a member of the Sen- 
ate Military Procurement Advisory 
Committee, has been named corporate 
director of materiel and procurement 
at the Martin Co. 


Lockheed Missiles and Space Div. 
has appointed James W. Plummer to 
head its special satellite programs and 
Walter V. Tyminski to head military 
satellite programs. Fred W. O’Green 


will serve as satellite systems assistant 
director, under Daniel J. Gribbon. 


Sidney W. Kash has been appointed 
supervisor of the plasma and electron 
section in physics research at Armour 
Research Foundation. 


Robert W. Mayer has been ap- 
pointed manager, engineering, for 
General Electric’s Ordnance Dept. 
Alex London has recently joined the 
company’s Missile and Space Vehicle 
Dept., with senior level responsibilities 
for various thermal problems on proj- 
ects Advent and Nimbus. 


C. T. Butler has been appointed di- 
rector of Hercules Powder Co.'s 
Chemical Propulsion Div. Fred M. 
Hakenjos and William E. Howell have 
been made directors of operations and 
contract administration, respectively, 
in the division. 


Eric J. Isbister has been appointed 
vice president, engineering, at Radia- 
tion Inc., in charge of the company’s 
design and development activities. 

John R. Opel has been promoted to 
director of communications, corporate 
staff at IBM. He succeeds Dean R. 
McKay who was elected vice presi- 
dent. Ralph G. Mark becomes man- 
ager of the engineering laboratory at 
IBM Federal Systems Div.’s Command 
Control Center, Kingston, N. Y. 


Edward Teller, associate director of 
Lawrence Radiation Laboratory, and 
Joseph Kaplan, former chairman of the 
U. S. National Committee of the IGY, 
have been named senior technical ad- 
visers of Geophysics Corp. of America. 


Robert W. Lynch has been named 
chief engineer for McCormick Selph 
Associates. 


Harold D. Germann has been ap- 
pointed manager, government opera- 
tions, Thiokol Chemical Corp.’s West 
Coast District Office. 


Manfred Mannheimer has joined 
the Systems Research Center of Lock- 
heed Electronics Co., and will be en- 
gaged initially on projects involving 
propagation, nuclear fusion, and re- 
entry. 


Daniel P. Ross has been promoted 
to senior engineering specialist in the 
Tapco Group Research Dept. of 
Thompson Ramo Wooldridge Inc. 


Edward W. Warnshuis has been ap- 
pointed manager of advanced plan- 
ning at Litton Systems, Inc.'s, Data 
Systems Laboratory. 


William C. Cleveland Jr. has been 
appointed assistant manager, radar 
and telemetry, electronics operation at 
Aeronutronic Div. of Ford Motor Co. 
John N. Ong Jr., former Washington 
Univ. assistant professor of metallurgy, 
has joined the division’s chemical 
metallurgy and ceramic section of ma- 
terials. 


Jesse R. Lien has been appointed 
general manager of the Mountain View 
(Calif.) operations of Sylvania Elec- 
tronic Systems, and Melvin E. Lowe 
becomes manager of the operations’ 
Reconnaissance Systems Lab. Victor 
Twersky, head of research, Electronic 
Defense Labs, has been promoted to 
senior scientist, and Norbert J. 
Gamara becomes manager, antenna 
research and development department, 
Electronic Defense Labs. 


John C. Forrest and Frank N. Gil- 
lette have been promoted to the re- 
spective positions of director and as- 
sociate director, Engineering Div., 
GPL Div. of General Precision, Inc. 


Thomas R. Maher has been named 
director of manufacturing of Packard 
Bell’s Technical Products Div. 


Rear Adm. Henry C. Bruton (USN- 
ret.) has been named director of the 
Fleet Communications Div., Alpha 
Corp., a subsidiary of Collins Radio 
Co. 


James F. Healey succeeds John 
W. Anderson as general manager, 
Minneapolis-Honeywell’s Aeronautical 
Div. facility at St. Petersburg, Fla. 
Anderson has taken a sabbatical leave 
for advanced university studies. 
Healey has been director of advanced 
systems planning for Honeywell’s 
Military Products Group. Robert L. 
Crouse has been named manager, 
value engineering, Aeronautical Div. 


John Ross has been named manager, 
Research and Development Dept., 
Metals & Controls, a division of Texas 
Instruments Inc. 


C. Rhoades MacBride has assumed 
full responsibility for Convair opera- 
tions as acting president of the General 
Dynamics Corp. division. 
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Expandable Structures 


(CONTINUED FROM PAGE 31) 


figuration to investigate problem areas 
and conduct preliminary evaluations 
near operating conditions of a space 
station. Use of proven escape tech- 
niques and equipment and recovery of 
a space station upon completion of 
the tests make this a simple and inex- 
pensive program. Artificial gravity for 
these concepts can be supplied by 
rotation about the torus axis. 

Expandable structures have also 
been considered for ballistic and lift- 
ing re-entry vehicles because of the 
many advantages they offer. These 
structures of low density and light 
wing-loading make it possible to in- 
crease the re-entry corridor width, 
while their packageability makes it 
possible to utilize presently available 
boosters for model or full-scale tests. 
The lower re-entry temperatures 
achieved with vehicles of this type 
alleviate environmental and structural 
problems, thus orienting many design 
requirements within the state of the 
art. 

The second illustration down on 
page 31 shows a typical lift-glide re- 
entry vehicle in both the packaged and 
deployed conditions. A parametric 
analysis was made for wing loadings of 
5 and 10 psf resulting in a maximum 
re-entry temperature of about 1500 F. 
The expandable structure consists of 
cylindrical and Airmat components 
supplemented by shear webs and cable 
attachments where necessary. 


Unmanned Orbital Operation 


A typical example of the applica- 
tion of expandable structures to un- 
manned orbital operations is the solar 
concentrator. Our company has pio- 
neered the use of aluminized plastic 
film for an expandable parabolic re- 
flector for spacepower generation. 
Methods of fabricating, packaging, de- 
ploying, and rigidizing reflectors have 
been considered for powers ranging 
up to 15 kw and for dish sizes of ap- 
proximately 50 ft in diam. A 10-ft- 
diam demonstration model has been 
constructed, under contract, for evalua- 
tion purposes, as shown at the bottom 
of page 31. A clear plastic cover 
completely encloses the reflector. The 
shape of the reflector is attained by 
pressurizing the volume between the 
reflector and the hemispherical sec- 
tion. Rigidization is provided by re- 
leasing a lightweight foam between 
the reflector and the outer cover be- 
hind it. After sufficient time to insure 
permanent set of the foam, the trans- 
parent covering is cut from the pe- 
riphery of the reflector and removed 


92 Astronautics / April 1961 


for efficient reflector operation. Two- 
and 10-ft models are presently being 
built of 1-mil Mylar to improve foam- 
ing techniques and fabrication meth- 
ods. The concentrator efficiencies will 
be checked in a specially designed 
GAC test stand. 

In the development of expandable 
structures for space application, Good- 
year Aircraft has proceeded using the 
philosophy of extending the state of 
the art of known reliable materials to 
the new environment and conditions. 
This involves the application of the 
best qualities of existing materials after 
evaluation and testing in the space 
environment, rather than development 
of entirely new materials, and has ac- 
celerated performance and retained a 
confidence in reliability not otherwise 
possible. 

Goodyear has had considerable ex- 
perience, for instance, in the use of 
polymeric cloth and elastomer coat- 
ings. Extensive test and fabrication 
data are available for such materials 
as cotton-neoprene, nylon-neoprene, 
Fortisan-neoprene (Celanese Corp.) 
and Dacron-neoprene (DuPont). 
Data on the use of these materials with 
other elastomers such as butyl are also 
available. Expandable structures are 
fabricated with single-ply and multi- 
ple-ply fabrics, depending on the stiff- 
ness or strength requirements. Multi- 
ple-ply fabrics are cemented together 
at certain angles between the warp 
threads of successive layers to provide 
torsional stiffness or improved strength. 
Where strength is desired in only one 
direction, cord-type fabrics have been 
developed to optimize weight and vol- 
ume. These fabrics consist of poly- 
meric cords or filaments placed side- 
by-side and held together with the 
elastomer. The properties of the 
fabrics available for the applications 
mentioned previously are indicated in 
the table below. These values are 
meant only to be representative, since 
in many cases several materials would 
offer suitable solutions to the problem, 
whereas material choice may have 
been dependent on availability of spe- 
cial consideration. 

Generally speaking, the polymeric 
fabrics cannot withstand temperatures 


greater than 300 to 400 F. However, 
glass-fiber fabrics have been tested 


to temperatures of approximately 
1000 F. It was found that the Sil- 
Temp cloth (Haveg Corp.), a newly 
developed material, had fairly good 
strength characteristics above 1000 F 
after a two-hour exposure. Additional 
developments in this polymeric fabric 
area could lead to a material suitable 
for applications in the 1000 F tem- 
perature range. 

In defining a fabric for a specific 
application, the proper weave and 
yarn must be chosen to obtain accept- 
able permeability, coating adhesion, 
joining, flexibility, and structural char- 
acteristics, to name a few. The fol- 
lowing table shows the type of weaves 
generally considered and their ratings 
for various characteristic properties 
(the lower the number, the better the 
value). 


Type 
of Tear Coating Gas 
Weave’ Resistance Support Barrier 
Plain (1 x 1) 3 3 1 
Basket (2 x 2; 
1 1 3 
Twill (2 x 2) 2 2 2 


It is readily apparent that the twill 
weave is a good compromise for the 
properties considered. Flexibility of 
the cloth is dependent on whether the 
yarn consists of a single filament or 
twisted multiple filaments, in addition 
to the tightness and type of weave. 

In the development of a fabric suit- 
able for re-entry applications, super 
alloys and refractory metals were in- 
vestigated with respect to strength, 
flexibility, strength-to-weight ratio, 
packageability, etc. It was also im- 
portant to consider the material avail- 
ability, workability and growth poten- 
tial, in addition to its high-temperature 
characteristics. For this reason In- 
conel X and René 41 were given the 
most consideration. Since for many 
representative applications maxi- 
mum temperature of 1500 F proved 
adequate, it was decided to select 
René 41 as most promising, as con- 
siderable wire-drawing experience was 


Characteristics of Polymeric Fabrics 


Total Tensile 
Weight Working Strength 
Fabric Type oz/yd Pressure Ib /in. 
Nonrigid Airship 12-26 1-4 in. H2O 50-550 
Fabric Radomes 37 13 in. H2O 700 
Inflatoplane 18 7 psi 450 
Drag Balloon* 4-6 1-2 psi 182 
Space Station 86 7 psi 2000 


* Ballute. 


available and fabrication methods did 
not seem insurmountable. It is likely 
that metals such as Udimet 700 (Kel- 
sey-Hayes Co.) will replace René 41 
in some applications as more fabrica- 
tion experience is obtained. 

René 41 wire of 0.0016-in. diam 
has been woven into 100 x 200- and 
200 x 200-count cloth (warp x fill 
count per inch) in plain, twill, and 
basket weaves. Representative re- 
entry-type tests were conducted on 
these materials with suitable surface 
coatings; but most data is available on 
the 200 x 200 plain weave, which 
was readily available early in the pro- 
gram. One other significant result is 
that the tear strength of woven cloth 
is greater than that of stainless-steel 
shim stock of three times the cross- 
sectional area. The resulting fabric 
chosen for this re-entry drag body ap- 
plication was 200 x 200 plain-weave 
René 41 wire cloth of 0.0016-in.-diam 
yam weighing about 13.60 oz/yd? 
with an included coating weight of 
8.0 oz/yd? applied to one side. 

For high-temperature applications, 
the coating of a metal cloth must pro- 
vide protection from oxidation in addi- 
tion to acting as an inflation-medium 
barrier. The coating material must 
have good adhesion to the basic mate- 
rial under static and dynamic condi- 
tions and good flexibility to facilitate 
packaging. Goodyear has conducted 
tests on several hundred coating mate- 
rials suitable for both high- and 
medium-temperature fabrics. 

Permeability tests were conducted 
for a specific heat cycle (Tyax = 
1500 F) at helium pressures of 1/, to 
1 psi. These exploratory tests in- 
dicated that Goodyear coatings CS105 
and CS107 were the most promising 
of the 24 types tested. Basically these 
coatings consist of a mixture of silicone 
elastomer $2077 and a glass enamel. 
Controlled tests were conducted on 
CS105 coating to define its character- 
istic changes through a temperature 
range of —320 to 1800 F. The coat- 
ing retained some degree of flexibility 
throughout the temperature range 
tested. 

Similar tests of coatings on glass- 
fiber cloth showed that type-B silicone 
was very effective up to the 1000-F 
test. 

Present fabrication techniques for 
metal-fabric structures consider re- 
sistance welding, high-temperature ad- 
hesives, ultrasonic welding, and braz- 
ing, to name a few. Joint efficiencies 
ranging from 70 to 90% have been 
obtained with small-diameter René 41 
wire cloth during the preliminary de- 
velopment phases of recent programs. 

Airmat itself has been constructed 
of such materials as nylon, Dacron, 
glass fibers, and metal wires for specific 


applications. The thickness has been 
varied from 0.4 to 15 in. for the poly- 
mers and up to 9 in. for the metal 
wires for constant cross sections. The 
maximum width of cloth on present 
looms is 54 in. However, future plans 
for a 120- to 240-in. size seem reason- 
able. The number of drop threads 
may vary from 8 to 90 per square inch, 
depending on operating pressures and 
surface smoothness; but 32 drop 
threads per square inch are generally 
used. The present plush looms have a 
maximum weaving distance of 3 in. 
between face cloths; however, greater 
depths in increments of loom ca- 
pability are achieved through simple 
fabrication schemes. 

The recommended operating pres- 
sures for Airmat vary from !/,; to 1/, 
of the burst pressure, depending on 
such requirements as time, weight, 
volume, cycling, etc. The maximum 
bending moment which can be resisted 
withgut wrinkling of Airmat is deter- 
mined by the formula M,,,,,, = !/» pt? 
(Ib-in./in. of width) where p is the 
operating pressure in psi and ¢ is the 
Airmat thickness in inches. The thick- 
ness of the cover plies is determined 
by stresses due to pressure and buck- 
ling or twice the pressure stress, since 
these two stresses are equal at the 
wrinkling condition. 

The total weights range from 20 to 
90 oz/yd? with the elastomers and 
cover plies usually representing about 
50 to 75% of this weight. A new 
development utilizing a film coating of 
Mylar (DuPont) and Videne (Good- 
year Tire and Rubber) has cut the 
cover-ply weight to about 20% of the 
total Airmat weight. This should open 
new space-application areas. 

Goodyear has been in the plastic- 
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film field since the early 1930’s devel- 
oping such products as Pliofilm, Vita- 
Film, vinyl film, Videne A, and Videne 
TC. The company has also developed 
film laminates, for example, laminates 
of Mylar to cloth or foams of different 
density and thickness as a means of 
improving general performance. 

Films have been considered and 
used for such applications as high- 
altitude balloons, deceleration bal- 
loons, space antennas, re-entry bodies, 
solar collectors, and other space ap- 
plications. Mylar, Videne, polypropyl- 
ene, and polyethylene have been in- 
vestigated for these applications. The 
properties of these materials are readily 
available in the company literature 
and will not be discussed here. 

Considerable development work has 
also been done on polyurethane and 
polyether foams. The use of flexible 
and rigid foams is being considered as 
a rigidization method for expandable 
structures. Techniques have been de- 
veloped to successfully deploy, pres- 
surize, and foam-rigidize expandable 
structures in simulated space environ- 
ments. Foam densities on the order 
of 0.10 Ib/ft? have been achieved. A 
laminate material of Mylar film and 
lightweight foams is being considered 
as a means of ridigizing large light- 
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weight space structures. Laminates 
of films and aluminum foil also seem 
suitable for these applications. 

Verification of physical properties 
for expandable structures generally 
can be made using the same tech- 
niques and apparatus as that em- 
ployed in rigid-structure testing. Since 
they are usually composites, however, 
this requires determination of the in- 
dividual constituent properties as well 
as the final composite performance. 

The bell jar and related equipment 
shown on page 93 are used at Good- 
year to subject expandable materials 
to combined high-vacuum, ultraviolet- 
radiation, and elevated-temperature 
conditions. Short- and long-time tests 
have been conducted on elastomers, 
films, foams, and coated wire cloth to 
determine the effects of the simulated 
spatial environment on weight and 
performance characteristics. 

The Pyrex bell jar is 18 in. in diam 
and 30 in. high. It is possible to 
obtain pressures of approximately 5 
107 mm of Hg (an altitude of ap- 
proximately 150 mi) with the use of 
the liquid-nitrogen trap. A GE quartz 
tube, mercury-vapor lamp is used as 
the ultraviolet source radiating in the 
wavelength band of from 2200 to 
4000 A. The ultraviolet lamp _ is 
mounted vertically along the axis of 
the bell jar. Water-cooled coils are 
used to maintain specimen tempera- 
tures in the 55- to 300-F range. The 
specimens are arranged in the bell jar 
so that some are exposed to combined 
vacuum and_ ultraviolet light while 
others are exposed to the vacuum only. 

Tests on neoprene and butyl elas- 
tomers over an approximate 300-hr 
period indicate that a rapid weight 


loss of about 5% was experienced only 
during the first 100 hr where test 


temperatures were maintained at 
155 F. This is apparently due to the 
early outgassing of the more volatile, 
low-molecular-weight constituents of 
the material. An increase in ultimate 
tensile strength (11 to 25%) and stiff- 
ness (10 to 35%) was noted for these 
test conditions. 

High-vacuum (5 10~—°-mm Hg) 
and _ ultraviolet tests were conducted 
for periods of 5 and 15 days on René 
41 wire cloth coated with the Good- 
year elastomer CS105 at the specimen 
temperature of 300 F. Except for a 
slight discoloration of the coating, due 
to the ultraviolet exposure, no deterior- 
ative effects were noted. 

The apparatus shown schematically 
below is used to determine fabric 
permeability under controlled condi- 
tions of temperature and _ pressure. 
The fabric sample is exposed to a 
controlled helium pressure on one side 
and a heated vacuum environment on 
the opposite side. The specimen tem- 
perature is controlled by the quartz 
heating lamps to simulate a represen- 
tative temperature-time cycle. A con- 
stant pressure difference is maintained 
across the specimen, and the rate of 
leakage of the helium through the 
specimen is measured with a Helium 
Mass Spectrometer specifically de- 
signed to analyze gas samples. Plots 
of helium concentration versus time 
permit determination of rate-of-change 
of helium concentration in the cham- 
bers as a measure of the fabric per- 
meability. 

René 41 wire cloth with filaments 
of 0.0016-in. diam was tested for plain, 
twill, and basketweave conditions at a 
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representative re-entry temperature 
cycle with a maximum temperature 
condition of about 1500 F and a time 
cycle of 5.5 min. The helium per- 
meability ranges from 0.002 to 0.02 
cu ft/sq ft/min for a pressure differ- 
ential of 0.5 psi with the plain weave 
being the least permeable of the three 
types and the basketweave being the 
most permeable for similar coating 
conditions. All the specimens showed 
practically no helium leakage until the 
maximum temperature condition was 
attained. At maximum temperatures 
the leakage rate increased and stayed 
practically constant for the remainder 
of the test. 

Only enough elastomeric coating is 
applied to maintain a reasonable rate 
at operating pressures to minimize 
over-all vehicle weight. 

The emissivity of René 41 wire 
cloth coated with CS105 elastomer 
was determined with the permea- 
bility apparatus, slightly modified. A 
3-in.-diam-sample opening was used, 
and both sides of the sample were 
subjected to vacuum conditions of 
about 0.1 in. of Hg pressure (an al- 
titude of about 120,000 ft). The 
quartz lamps were used to heat one 
side of the sample, while the other 
side was turned to a thermopile. A 
metal plate was placed between the 
lamps and the sample to provide dif- 
fused heating. 

A comparison of the time rate-of- 
change of the thermopile voltage for 
the fabric sample and a standard black 
body (oxidized Inconel disk coated 
with camphor soot) at various tem- 
peratures resulted in the emissivities 
shown below. 


Emissivity 
Opposite 
Temp (F) Coated Surface Suiface 
500 0.63 
800 0.82 _ 
1000 0.92 0.95 
1200 0.92 0:95 


The opposite surface possessed nor- 
mal strike-through characteristics for 
an 8-0z/yd? coating of elastomer. 

In the development of the expand- 
able structure concept for space ap- 
plication Goodyear Aircraft has dem- 
onstrated that polymeric fabrics, long 
useful for low-speed vehicles and 
ground applications, are now finding 
a place in high-speed and _high-alti- 
tude applications and as space-vehi- 
cle components. 

It has also been demonstrated that 
application of lightweight low-density 
structures can limit re-entry tempera- 
ture to 1500 F and make this opera- 
tion feasible within the present state 
of materials development. o¢ 


International Scene 


(CONTINUED FROM PAGE 15) 


delegates at a dinner. On March 6, 
the Mayor of Paris held a reception in 
the City Hall. A cocktail party for 
the delegates of the French astro- 
nautics community was given by F. J. 
Malina, deputy director of the Inter- 
national Academy of Astronautics on 
March 5. On the evening of March 
6, the officers of the Academy of Astro- 
nautics were entertained at dinner by 
von Karman. 

Niels Bohr, the world-famous 
Danish physicist, was elected the first 
Honorary Member of the Interna- 
tional Academy of Astronautics. The 
Academy elected the following new 
members: 

Basic Sciences Section. Julius 
Bartels, Univ. of Gottingen (West 
Germany); David R. Bates, Dept. of 
Applied Mathematics, Queen’s Univ., 
Belfast (Great Britain); L. Biermann, 
director, Max Planck Institute for 
Astrophysics (West Germany); Syd- 
ney Chapman, High Altitude Observa- 
tory, Boulder; Herbert Friedman, 
Atmosphere & Astrophysics Div., U.S. 
Naval Research Laboratory; Leo Gold- 
berg, Harvard College Observatory; 
Homer E. Newell, deputy director, 
Office of Space Flight Programs, 
NASA; Fred L. Whipple, Harvard 
College Observatory. 

Engineering Sciences Section. 
Adolph Busemann, Langley Research 
Center; Elie Carafoli, director, Insti- 
tute of Applied Mechanics, Bucharest 
(Rumania) ; Luigi Crocco, director, Jet 
Propulsion Center, Princeton Univ.; 
Krafft A. Ehricke, Convair Astronautics 
Div.; Antonio Ferri, Polytechnic Insti- 
tute of Brooklyn; Arthur R. Kantro- 
witz), director, Avco Everett Research 
Laboratory; Michael J. Lighthill, di- 
rector, Royal Aircraft Establishment, 
Farnborough (Great Britian); Maurice 
Roy, director, ONERA_ (France); 
Howard S. Seifert, Stanford Univ.; 
Ernst Stuhlinger, director, Research 
Projects Div., NASA, George C. Mar- 
shall Space Flight Center; Martin 
Summerfield, Princeton Univ. 

Life Sciences Section. Robert 
Grandpierre, director, Aviation Medi- 
cine Research Center (France); U.S. 
von Euler, Dept. of Physiology, Karol- 
inska Institute (Sweden); Ashton 
Graybiel, director of research, U.S. 
Naval School of Aviation Medicine; 
Tomaso Lomonaco, director, Research 
Center for Aviation Medicine (Italy); 
Rodolf Margaria, former director, Re- 
search Center for Aviation Medicine 
(Italy); Hermann J. Schaefer, Re- 
search Dept., U.S. Naval School of 
Aviation Medicine; Gustav Schubert, 
Physiological Institute, Univ. of 


Vienna (Austria); Col. John P. Stapp, 


Aerospace Medical Center, Brooks Air 


Force Base; Air Comm. W. K. Stewart, 
RAF Institute of Aviation Medicine, 
Farnborough (Great Britain); P. M. 
Van Wulften Palthe, National Aero- 
medical Center (Netherlands); Sir 
Harold E. Whittingham, chief medical 
officer, BOAC (Great Britain). 

The International Institute of Space 
Law considered questions propounded 
to eleven Working Groups and re- 
ported significant progress in the solu- 
tion of urgent questions concerning 
airspace matters. [See Astronautics, 
November 1960, p. 46] Elected to the 
Executive Committee, the governing 
body of the Institute, were Antonio 
Ambrosini of Italy; Eugene Pepin of 
Canada; and Vladimir Kopal of 
Czechoslovakia. A memorial was 
adopted praising the contributions of 
John Cobb Cooper, and a resolution 
was passed defining his duties as di- 
rector of research of the Institute. 
Sessions of the Institute spread over 
a period of two days. 


An interesting and at the same time 
serious problem has developed over 
the past few years in Canada with 
regard to organized astronautical ac- 
tivities. It was to be expected that 
interest in space exploration and 
rocketry in that progressive country 
would be unbounded. Unfortunately, 
the full development of and organized 
efforts in the field of astronautics have 
been hampered by rather severe or- 
ganizational problems. 

At present there are no less than 
seven astronautical groups active in 
Canada. They are the Astronautical 
Society of Canada, the Canadian As- 
tronautical Society, the Astronautics 
Section of the Canadian Aeronautical 
Institute, the Prince Rupert Astronauti- 
cal Society, the Calgary Student Ama- 
teur Rocket and Missile Club, the 
Acadia Amateur Rocket Society, and 
the McGill Rocket Society. One of 
the problems faced in Canada is that 
the fractionization of organized activi- 
ties into this many groups has had the 
result that no one group is large or 
stable enough to provide for the fullest 
development of interest in astronautics 
in that country. 

The two largest groups are the As- 
tronautical Society of Canada (ASC) 
and the Canadian Astronautical So- 
ciety (CAS). Both societies are mem- 
bers of the IAF with the former hold- 
ing a voting membership and the 
latter a nonvoting membership in that 
organization. In the realization that 
the future of astronautics in Canada 
can best be served by a single strong 


and well-organized society, the officers 
of the ASC and the CAS have for 
more than a year been attempting to 
work out the basis for a merger of 
both groups into a single, integrated 
society which would be national in 
scope. However, those negotiations 
have not yet produced the desired re- 
sult. 


Interest in organized rocket and 
space exploration activities continues 
to grow at a rapid pace in all parts of 
the globe. Applications for admission 
to the IAF have been made by four 
new societies and more are expected to 
apply at the 12th International Astro- 
nautical Congress of the IAF in Oc- 
tober in Washington. Applications 
for admission were received from the 
Cyprus Astronautical Society, the 
French Center for Astronautical Re- 
search, the French Association for 
Cosmic and Astronautical Study and 
Research, and the Mexican Society 
for Interplanetary Studies. 


The International Radio Consulta- 
tive Committee (CCIR) will meet in 
1962 to consider technical questions 
related to space telecommunications. 
U.S. Study Group IV, under the di- 
rection of John P. Hagen of NASA, has 
been working for a year on the collec- 
tion and analysis of necessary techni- 
cal data for presentation in 1962. 


2 


While the preparation for world 
regulatory conferences goes on, prac- 
tical uses of radio in space are being 
expanded significantly. In recent 
weeks, for example, AT&T and ITT 
Labs have both received from FCC 
experimental authorizations to study 
the use of active and passive earth 
satellites in communication systems. 
Optimistic predictions have been made 
by the major carriers as to the ex- 
pected date of commencement of regu- 
lar operations. o¢ 


Dates Set for European 
Space, Rocket Meetings 


Paris—Dates have been set for three 
European meetings devoted to astro- 
nautics and rocketry this June. A 
meeting of the International Academy 
of Astronautics on Earth Satellite and 
Re-Entry Trajectories, to be monitored 
by Paul Libby, will be held in Paris 
June 19-21, and will be followed 
June 23-24 by a Franco-Italian Col- 
loquium on Sounding Rockets. The 
First European Symposium on Space 
Technology will be held in London 
June 26-28. 

—A. K. Oppenheim 
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U.S. Navy's 600-ft. radio telescope for celes- 
tial exploration and space communication. 
(PHOTO COURTESY OF GRAD, URBAN & SEELYE) 


Base and shaft of pintle bearing 
assembly for giant telescope. 


From pivot points to entire base structure... 
B-L-H supports world’s largest mobile telescope 


At B-L-H, big jobs—really big jobs—are stock in trade. Andin 
the case of the Navy’s 600-ft. radio telescope, both our design 
and fabrication skills were utilized. 

B-L-H played a vital role in the conceptual designs for the 
altitude and azimuth support and drive systems of this telescope, 
the world’s largest mobile structure. And huge pivot bearings 
designed and built by B-L-H brace the superstructure against 
hurricane winds while permitting complete freedom of rotation 
in altitude. 

Center of rotation for the massive instrument, in azimuth, is 
B-L-H’s pintle bearing assembly, which consists of the base and 


BALDWIN LIMA: HAMILTON 
Industrial Equipment Division «+ Philadelphia 42, Pa. 


shaft assembly (shown above), roller and thrust bearing, inner 
and outer spherical seat and bearing housing. This assembly 
will withstand side wind loads of 12,700,000 lb. and 6,000,000 
ft.-lb. overturning moment. 

The telescope’s base supporting structure was also built by 
B-L-H. Weighing 8000 tons and measuring 256 x 375 ft., it called 
for fabricating ability of a high order and facilities found only in 
the biggest and finest equipped shops. 

In addition to our work on radio telescopes, we have also 
fabricated large radar tracking antennas. If you have a project 
in this field, we can serve you well. Contact Dept. G-4. 
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NUCLEAR ROCKET PROPULSION AT AEROJET-GENERAL 


Nuclear rockets, with a performance capability nearly twice 
that of the highest-specific-impulse chemical rockets, have been 
of major interest to Aerojet-General for several years. 


Exploratory studies were initiated by Aerojet in 1955 to ascertain 
the feasibility of nuclear rockets, and the technical advances 
required to develop a successful nuclear propulsion system 
were determined. This work at Aerojet has undergone contin- 
uous expansion under government and company sponsored 
programs. Included are: preliminary design of engines and 
vehicles, simulated nuclear engine tests, radiation hazards 
research, analog computer system design (to simulate nuclear 
rocket operation), nuclear test facility construction, and the 
design, development, testing, and manufacture of reactors. 


These programs have resulted in significant 
progress toward the development of a 
practical and reliable nuclear propulsion 
system. They are based on Aerojet's 
combined experience in liquid and solid 
propellant rocketry, nuclear technology, and 
cryogenics—experience which ensures 

that the challenge of a new era 

in propulsion can, and will, be met. 
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